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This article comprises lectures delivered in the Eye Department (Tennent 
Foundation) of the University of Glasgow in April 1936. General questions con- 
cerning light and color sense were treated. Special attention was paid to German 
literature; it was taken for granted that English authors were well known to the 
listeners, and they were therefore only mentioned in passing. Similarly, in this 
printed version of the lectures the citations are restricted to the most essential. 
Dr. Arnold Knapp, one of the editors of the ARCHIVES, suggested that the 
lectures be printed in this journal, which was not originally contemplated. Since 
the hearers in Glasgow were mostly practicing ophthalmologists, some principles 
which are well known to psychologists are treated rather fully. 
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Summary 
INTRODUCTION 


If a person goes from a brightly illuminated room into a dark one, 
he sees nothing at first. After a short time he becomes adapted to the 
darkness and is able to find his way about. If he returns to the brightly 
lit room, he is dazzled and all appears much brighter than before his 
stay in the dark room. Actually no change has occurred in the intensity 
of the illumination. The change of the impression is therefore related 
to a change in the human organism causing one to react in a different 
manner to the same surrounding circumstances. This phenomenon is 
well known. It is only one especially striking example of the relation 
between the living organism and its environment. 

The ordinary man, starting from his own experience and with what 
is called the constancy of his own ego, naturally thinks that differences 
in his sensations to the same external influences are due to changes 
in these and not in himself. But, as already noted, it is often his own 
organism which does not react in the same manner to the same external 
influences. Therefore, in the case of different physical or psychic 
events one must always consider to what extent they are based on the 
environment and to what extent on the subject himself. The ancient 
philosopher Democritus expressed this idea in the following sentence: 
“In reality we perceive nothing certainly or infallibly but only impres- 
sions, which change according to the momentary condition of the body.” 

The distinction between environment and the inner perception of 
the organism—die Umwelt und die Innenwelt—has been especially 
clearly defined by von Uexkiill.1 He convincingly showed that each 
person has his own environment; therefore, there is nothing absolute 
in the surroundings, in the sense of a constancy which is the same for 
all persons. 

A nice exposition of this thought was given by the Baltic scholar 
Karl Ernst von Baer? about seventy years ago. He discussed how 


1. von Uexkiill, J. J.: Umwelt und Innenwelt der Tiere, Berlin, Julius 
Springer, 1921. 


2. von Baer, K. E.: Reden gehalten in wissenschaftlichen Versammlungen 
und kleinere Aufsatze vermischten Inhalts, ed. 2, Braunschweig, F. Vieweg & Sohn, 
p. 254. 
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dependent on the duration of the life of the individual organism the 
view of the world would appear provided the organism had human 
understanding. A transient being, living but for a day, will conceive 
the day as happening but once with the rising of the sun on one side 
and its setting on the other side of the horizon ; the longer-lived organism 
recognizes the rhythmic repetitions of the event and gives it another 
explanation. 

The size of the organism is another aspect of environment which 
causes variations in visual concepts. One need not consider different 
species of animals. For when human beings of varying stature, chil- 
dren or adults, observe objects around them, the fact that the head is 
at a different height from the ground at varying stages of growth is 
sufficient reason for their receiving different images of the world. As 
a man grows there is a change in the zero of his system of coordinates, 
which zero, according to F. B. Hofmann, is situated in the articulation 
between the skull and the uppermost vertebra. This articulation is of 
the utmost importance for orientation in space. Its displacement, 
important as it is, escapes one’s notice owing to the slowness of man’s 
growth. Here again, there is no constancy of environment for the 
individual. This is true not only under normal conditions but with 
the pathologic reactions of the organism. 

The fact that individuals consider the environment constant is a 
biologically important equalizing function of the whole constitution 
which first allows life in a fuller sense. A change of a primitive imme- 
diate reaction is followed by a correction in the organism itself, but 
one which often remains unperceived. The final behavior of the organ- 
ism is the result of the interaction of these two processes. 

However, this must not lead one to believe that the primary experi- 
ence is unchanged when the same conditions are encountered at different 
times. It is a peculiarity of the living being that it perhaps never 
gives the same reaction to the same surrounding conditions twice because 
the organism does not remain the same. Ewald Hering * mentioned 
this in one of his excellent lectures. He imputed to the living organism 
a kind of remembrance of all events which had occurred to it, not only 
those of the conscious mind but those of the unconscious mind. 

If the human being is always changing his reactions to the same 
condition, it will readily be seen, from the extreme differences between 
human beings—even though one considers only these—how vastly dif- 
ferent the biologic responses must be. This is true not only of physio- 


3. Hofmann, F. B.: Raumsinn, in von Graefe, A., and Saemisch, E. T.: 
Handbuch der gesamten Augenheilkunde, ed. 2, Leipzig, Wilhelm Engelmann, 
1901-1911, vol. 3, chap. 13, p. 393. 

4. Hering, E.: Ueber das Gedachtnis als eine allgemeine Funktion der 
organischen Materie, 1870, in Hering, H. E.: Fiinf Reden von Ewald Hering, 
Leipzig, Wilhelm Engelmann, 1921. 
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logic, but more especially of psychologic, response. How differently, 
for instance, do persons respond to esthetic impression! How change- 
able is the susceptibility to infections! These differences are in the last 
analysis based on the constitution as determined by heredity. This 
multiplicity of reaction presents some difficulty in every science. It is 
encountered in both the mental and the so-called exact natural sciences. 
Medical science may take a place between these two groups. 

I shall discuss the multiplicity of reactions of organisms to their 
surroundings on the basis of normal functions and pathologic processes 
of the eye. The somewhat complicated matter will compel me to be 
theoretic and will lead to questions somewhat away from my special 
theme. 

PROBLEMS OF COLOR VISION 


I shall first consider some problems of physiologic optics. 

In the sphere of light and color sense it is necessary to distinguish 
clearly between the objective and the subjective, or between the outer 
world and sensation. While Goethe according to his philosophy believed 
in an almost mystic unity of the light and the eye, today it is impossible 
to accept his view, although a higher unity in the sense of von Uexkiill 
may be admitted. 

According to the angle from which one approaches the problem, 
one will take as one’s starting point either the physical processes or 
those of sensation. During the past fifty years there has been a dispute 
(now apparently ended) in the realm of physiologic optics as to the 
starting point. On the one side were the scholars, preeminently physicists, 
who sought to discover the relations between stimulus and sensation 
by means of physical measurements. Newton may be called the pioneer 
in this direction; Young followed in 1800 and Maxwell sixty years 
later. The principal representatives of this group in Germany were 
Helmholtz, Konig and von Kries. These scientists considered the 
physical data, namely, wavelength, intensity, mixture of defined lights 
and so on, the basis for scientific investigation. In opposition to this 
opinion, Ewald Hering, partly following the ideas of Ernst Mach, 
emphasized the necessity of starting not from physical events but from 
immediately given sensations. These are the primary principles. By 
critical judgment of sensations and determination of the various con- 
ditions under which a definite sensation is perceived, one may, accord- 
ing to Hering,® draw certain conclusions as to the underlying physiologic 
events. Armin Tschermak* designated this kind of research, with 


5. Hering: Grundziige der Lehre vom Lichtsinne, in von Graefe, A., and 
Saemisch, E. T.: Handbuch der gesamten Augenheilkunde, ed. 2, Berlin, Julius 
Springer, 1921, vol. 3. 

6. Tschermak, A.: Der exakte Subjektivismus in der neueren Sinnes- 
physiologie, Arch. f. d. ges. Physiol. 188:1, 1921. 
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an antithetic expression, exact subjectivism. A similar point of view 
has been taken by some psychologists and ophthalmologists, for example 
Georg Elias Miller, Hillebrand and Hess. 


These two schools, while strongly opposing each other about forty 
years ago, made many contributions of the greatest importance to the 
knowledge of this subject. It seems to me that Hering’s starting point 
makes it easier to understand the complicated matter in relation not 
only to the sense of vision but to the physiologic basis of all sensation. 
It may be emphasized that by this method a great deal is not immediately 
apparent but needs critical consideration to permit arrival at what was 
Hering’s primary object, the delineation of perception by experiment. 

Those of the other school emphasized that it was impossible to 
reproduce one person’s experience in another. This was one of their 
chief reasons for starting from the physical conditions, since subjective 
sensations cannot be the foundation of knowledge. But herein lies the 
general problem of all mutual understanding and exchange of thought. 
Scientific research in general is possible only on the supposition of the 
existence of a psychologic organization of the same kind, although 
this supposition is not true. Even the physical study of physiologic 
optics is established on this supposition. 

To make research in the psychology of sensations possible it is first 
necessary to determine the equality or the inequality of two sensations. 
This is done in the fundamental psychophysiologic investigations of 
Fechner.’ One judges simultaneously or successively two sensations, 
however called forth, with regard to their equality or inequality. If 
one wishes to learn something about the connection between a person’s 
psychic behavior and the outer world, it is necessary to determine how the 
psychophysical substance answers to an exactly determined physical 
stimulus. This determination itself is, of course, only indirectly possible 
through sensations and perceptions. 

The chief problem is: What is the functional relation in a mathe- 
matical sense between stimulus and sensation ? 

On the one hand, the more physically minded maintained it sufficient 
to define exactly and to reproduce the physical stimulus. For the psycho- 
physical substance will always react in the same manner, provided 
the excitation is always nearly the same. The differences occasionally 
observed were considered to be accidental (von Kries *). On the other 
hand, the scholars starting from the psychophysical side, especially 


7. Fechner, G. T.: Elemente der Psychophysik, ed. 3, Leipzig, Breitkopf & 
Hartel, 1907. 


8. von Kries, J. A.: Allgemeine Sinnesphysiologie, Leipzig, F. C. W. Vogel, 
1923. 
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Hering, emphasized the changes in the excitability of the living sub. 
stance. Therefore, they did not in all cases exactly define the physical 
stimulus used in their experiments, for in view of the changes in the 
excitability they did not believe this to be of great importance. 


Because of these two points of view differences in the results of 
research were bound to arise. The cause was often not clear and 
naturally led to violent disputes, since it was a question of sensations 
experienced by one person only. In determining experimentally the rela- 
tion between stimulus and sensation, a single observation is of no value; 
the experiment must be repeated many times. The reconstruction of 
exactly the same conditions in relation to the physical stimulus is not 
too difficult, but special precautions are necessary to reproduce the 
same condition of the nervous substance. Strictly speaking, this is not 
always possible, because not only the change in the nervous system 
but repetition and recollection of former occurrences are important. 
Even if only a single observation is made, the manner of reaction is 
largely dependent on the immediately preceding excitation. 

Therefore, using a simple expression for complicated things, one must 
consider the factor of time in all experiments dealing with the function 
of the senses.” 

Since the results for different individuals seem to be within certain 
definite limits, these may be determined by the conformity of the decisive 
factors, namely, time, adaptation, psychologic condition and judgment. 
Further, the deviations may be equalized and a mean value obtained 
by the method of limits of error. 

During the first investigations in physiologic optics, up to about 
the first decade of this century, it was usual to formulate general laws 
based on the experiments of only one person or of a few persons. But 
the previously mentioned point of view makes it necessary to use 
methods whereby a great number of persons may be submitted to the 


experiments. Thus the American literature, for instance, reports 


researches into physiologic optics which are founded on the investigations 
of many observers. To be sure, this condition can be fulfilled only 
when the problem is simple. When experiments require much time or 
are very complicated, as in the so-called gaging of the spectrum, they 
must still be limited to the investigations of a few specially trained and 
skilled observers. 


9. That ophthalmologists do not sufficiently observe this point becomes clear 
when one considers the clinical method for examining the reactions of the pupil. 
The duration of the stimulus of light has hitherto been considered only by 
E. L. K. Zeldenrust (Ueber die Chronaxie des Lichtreflexes der Pupille, Arch 
f. Augenh. 104:585, 1931). Analogous considerations as to the reaction of the pupil 
in accommodation or convergence have never been made. 
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Only when the demand for a large number of persons for experi- 
mentation is fulfilled will it be known whether, besides the hitherto 
known types of light and color sense, there are other as yet unknown 
forms. Some investigations made in recent times seem to prove that 
such congenital variants occur, owing perhaps to hereditary differences. 
Generally, such differences are present not only in the nervous sub- 
stance but in the physical makeup of the eye. For instance, Holm ’° 
and Kravkov ++ found differences in the pigmentation of the macula 
which necessarily cause differences in the equation of spectral lights. 


With increasing age the lens becomes more yellow and therefore the lenger 
wavelengths predominate over the shorter ones in their action on the substance 
of the visual sense. If the crystalline lens is dark brown, as in the so-called 
cataracta nigra, there will be no perception of blue and violet. This is the so-called 
blue blindness, due to the yellow coloring of the lens. Hess 12 has suggested 
that the very intense blues found in the pictures painted by Titian in his old age 
—he was painting at the age of 90—are due to his not seeing blue well enough. 
In order to produce the necessary degree of blue in his pictures for himself, he 
was forced to apply this color heavily. 


Variations in the rate of adaptation of the eye to low illumination are 
due, in addition to differences in the visual substance, to physical fac- 
tors, such as differences in the width of the pupil, which becomes smaller 
with increasing age. Even in persons of the same age the size of the 
pupil varies according to whether the sympathetic or the parasympathetic 
system predominates in the innervation of the iris. Thus the quantity 
of light entering the eye will vary, and, as a result, eyes show differences 
in their adaptation to darkness. 

| shall first consider the sensation of color as the sole psychic 
matter. There are colored and uncolored sensations, called in German 
bunte und unbunte Farbenempfindungen. By the expression uncolored 
is meant all shades of white, gray and black; by the term colored, the 
totality. of the other colors. The German word bunt, “colored” in a 
narrower sense, was first used by Hering. Other authors expressed 
the opinion that “bunt” signifies not a single color but a collection 
of different colors. This difference in the terminology is in my 
opinion of no importance, provided one knows what is meant. This 
expression is clearer than the division of the colors into those with 
hue and those without hue: tonfreie und tonhaltige Farben. I shall 
use the words colored and uncolored when distinguishing between the 


10. Holm, E.: Das gelbe Maculapigment und seine optische Bedeutung, Arch. 
1. Ophth. 108:1, 1922. 

11. Kravkov, S. W.: Ueber die Lichtabsorption der gelben Farbe der 
Maculagegend, Arch. f. d. ges. Physiol. 210:781, 1925. 

12. Hess, C.: Ueber Blaublindheit durch Gelbfarbung der Linse, Arch. f. 
\ugenh. 61:29, 1908. 
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color of the white, gray and black set and the others, although the 
expression uncolored color sensation is a contradiction. 

A psychologic analysis shows that four colors arise from the large 
number of possible color sensations: a pure red, a pure green, a pure 
yellow and a pure blue. These four principal colors in a psychologic 
sense—Urfarben oder Grundfarben, according to Hering—have always 
only a single color quality. In contrast thereto, the other colors contain 
two principal colors, for instance orange (yellow and red) and violet 
(blue and red). These colors lie between the principal colors, because 
they suggest two of them. These are called transitional colors— 
Zunschen- oder Uebergangsfarben. 

It is of importance to note that there is no color sensation in which 
are seen red and green or yellow and blue. Therefore, these colors 
are named by Hering opponent colors—Gegenfarben. 

There is no doubt about the character of the pure blue and the pure 
yellow. But that is not true of the pure green and the pure red, or 
Urgriin und Urrot. Therefore, many mistakes and unnecessary dis- 
putes have arisen in the literature. Many authors, for instance Ladd- 
Franklin,'* identified Hering’s pure red as that which is produced by 
the longest wavelength of the spectrum. But this has always a slight yel- 
lowish tinge. In the spectrum pure red containing neither blue nor yellow 
does not exist. The pure red can be produced only by a mixture of a light 
of short waves and long waves from the spectrum: for instance, violet 
and red. Usually such colors are called purple. The same is true of the 
pure green. In nature is seen the green of leaves and grass. But this 
green contains a little yellow. One is therefore inclined to accept this 
as the pure green and to consider the pure green, which is neither 
yellowish nor bluish, as a bluish green. 

Color sensations in a special sense—die bunten Farben—may be 
symbolically arranged in a circle in which yellow and blue, and red and 
green are situated at the opposite ends of two diameters drawn at 
right angles to one another. One can imagine that the colors in the 
circle are continuously changed: Red passes with the increase of the 
yellow component via orange into pure yellow, this through the yel- 
lowish green hues to pure green and so on, until there is a return 
again to red. 

The set of uncolored sensations—white, gray, black—forms not a 
circle but a straight line. At one end is situated the darkest black ; at the 
other end, the brightest white. Between them lie the gray colors of 
different brightness or darkness. This is illustrated in figure 1, which 
shows the increase of white and the decrease of black in the passage 
from black to white through the set of gray colors. Here also there 


13. Ladd-Franklin, C.: Eine neue Theorie der Lichtempfindungen, : Ztschr. [. 
Psychol. 4:211, 1892. 
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is a continuous set, but without characteristic turning points as in 
color sensation. In the change, for instance, from a bluish to a yel- 
lowish red a characteristic point is to be found at the pure red. 
Dimmick ?* suggested such a point in a middle gray, but I think this 
theory is not justified. If there were such a point, there would be an 
antagonism similar to that of the color sensations, and this would con- 
firm Hering’s theory, about which I shall speak later. 

But here I wish to emphasize that black and white as sensations 
are always of the same kind as the other colors. The opinion of many 
physicists that black should not be considered a color because its sensa- 
tion does not arise from a physical stimulus is not right. This point will 
be discussed in detail when I deal with the phenomena of contrast. 

Experience shows that every principal or transitional color can join 
with each member of the set of black-white sensations. For instance, 
a pure red may join with white, with black or any shade of gray. In this 
way are produced a great number of nonsaturated colors—verhiillte oder 
ungesattigte Farben. According to the different brightness or darkness 
of the gray one distinguishes different sets, in which the relation between 
the pure red and the gray changes from the highest degree of saturation 
to the lowest, namely, the gray alone. In this manner results Hering’s 35 
triangle of shades, Nuancierungsdreieck, as shown in figure 2. 


Hering suggested by that triangle only a symbolic representation of possible 
sensations, without regard to the physical stimulus. William Ostwald,1® on the 
contrary, apparently without knowledge of Hering’s idea, gave the color triangle 
an objective foundation. For him it was important always to reproduce the same 
color quality by the exact mixture of pigments. In this way he physically determined 
the waves reflected by the pigment and the content of physical white, the so-called 
albedo. Thus he sought to determine the physical stimulus, especially the com- 
position of a pigment which, he supposed, always excites the same sensation. 
According to Fechner’s law he distributed the physically defined pigments in sets 
with a number of logarithmically ordered sets. Ostwald’s suggestion and his 
whole work concerning color sense were eminently practical. In this respect 
he brought about substantial improvement. 


Considering that every member of the color circle can be enlarged 
to a triangle of shades, their total number will form a double cone as a 
symbolic representation of the sum of the sensations (fig. 3). On the 
axis thereof there are the uncolored sensations: at the top, white; 
at the bottom, black. At the equator the most saturated colors are to be 


14. Dimmick, F. L.: Minor Studies from the Psychological Laboratory of 
Cornell University: A Note on the Series of Blacks, Greys, and Whites, Am. J. 
Psychol. 31:301, 1920. 

15. Hering, E.: Zur Lehre vom Lichtsinne, in Wissenschaftliche Abhandlungen, 
Leipzig, Georg Thieme, 1931, vol. 2. 

16. Ostwald, W.: Mathetische Farbenlehre, Leipzig, Verlag Unesma G. m. 
b. H., 1921. 
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found ; on the upper: half of the cone, the bright, more or less saturated 
colors; in the lower half, the darker ones. Concerning this body of 
colors also the different opinions of both Hering and Ostwald are valid 
in the sense already mentioned with regard to the triangle of shades. 




















lig. 1—A, scheme of the white-black or gray set after Hering,!° with constant 
“weight” of sensation. B, scheme of the white-black or gray set after Tschermak 
(in Bethe, A., and others: Handbuch der normalen und pathologischen Physiologie, 
3erlin, Julius Springer, 1929, vol. 12, pt. 1, p. 300) with change of weight of 
sensation. 


White 





Black 


Fig. 2.—Hering’s '* triangle of shades. 


Considering the double cone or only the circle of saturated colors, 
the possible number of steps between green and blue is apparently 
smaller than that between yellow and red or between red and blue. 
In other words, green and blue are more nearly alike than the other 
pairs of principal colors. Ostwald explained this on the basis of insuf- 
ficient exercise for distinction, but certainly that is not satisfactory. 
Other authors have constructed oblique forms of double cones or 
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tetrahedra signifying the smaller or larger distances between the four 
fundamental colors. Some of these are shown in figure 4.1" 

The body of colors is a continuum; therefore, theoretically, the 
number of the possible color sensations is infinite. In reality the number 
is limited, for in order to distinguish two colors there must be a certain 
minimum difference between them. An exact absolute number of differ- 
ent color sensations cannot be given. 

Because the body of colors has three dimensions, every point thereof 
may be defined by three coordinates. Therefore, each single color 
sensation has been given a three-dimensional character. Long ago 
Grassman and Helmholtz *® distinguished three relatively independent 
qualities in each color sensation, namely, brightness, hue and saturation. 
Saturation means the relation of the pure color to the uncolored portion ; 
hue, the specific color quality with regard to a definite member of 


WHITE 


YELLOW 





BLACK 
Fig. 3.—Double cone as symbolic representation of the totality of colors. (Color 
body after Ostwald.16) 


the color circle. Brightness is a quality not easy to define but denotes 
chiefly a degree of resemblance to a definite member of the white- 
black set. 

In regard to the set of black-gray-white sensations, one cannot speak 
of saturation, because there is no colored portion. Therefore, the only 
question is the proportion of white and of black which simultaneously 
affects the degree of brightness. 

Psychologically it is sometimes necessary to discriminate between 
brightness and darkness or between whiteness and blackness. That 
depends on the psychologic interpretation. Whether the brightness of 
a color is determined only by the uncolored part or also by its colored 


17. Héfler, A.: Zwei Modelle schematischer Farbenkérper und die vermutliche 
Gestalt des psychologischen Farbenkérpers, Ztschr. f. Psychol. u. Physiol. d. 
Sinnesorg. (Abt. 1) 58:356, 1911. 

18. Helmholtz, H. L. W.: Handbuch der physiologischen Optik, ed. 3, Ham- 
burg, L. Voss, 1909-1911, vol. 2, p. 110. 
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part has been repeatedly discussed. Originally Hillebrand and Hering ” 
supposed blue and green to have a specific darkness and yellow and 
red a specific brightness. This is the theory of the specific brightness 
of colors. It was founded on the supposition that in the so-called 
scotopic vision of the dark-adapted eye there is only the uncolored effect 
of radiation on the nerve substance; under these conditions one cannot 
see the different colors: The spectrum at low luminosity appears as 
an uncolored band of differing luminosity with the maximum at a 
wavelength of 530 millimicrons, the point at which the light-adapted 








Schw Schy 


Fig. 4.—Different forms of the body of colors with reference to their greater 
or lesser resemblance or relation to the fundamental colors. (After Hofler.17) 


eye sees yellow-green. For the light-adapted eye the brightest point 
in the spectrum is at a wavelength of about 580 millimicrons, which 
for the dark-adapted eye appears rather dark; the red end of the 
spectrum is hardly visible to the dark-adapted eye, because red appears 
as black. 


19. Hillebrand, F., and Hering, E.: Ueber die spezifische Helligkeit der 
Farben, Sitzungsb. d. k. Akad. d. Wissensch. Math.-naturw. Cl. 98:70, 1889. 
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The fact that in dark adaptation the red and orange hues become 
darker and the blue and green brighter has for a long time been called 
Purkinje’s phenomenon. By addition of red and yellow to the uncol- 
ored sensation, the long wave end of the spectrum should, according 
to the specific brightness of these variegated colors, become brighter ; 
and by addition of the specific darkness of, green and blue, the other 
end should become darker. 

Since it has become known that there are both a dark apparatus 
and a light apparatus of the eye, the theory of the specific luminosity of 
colors has lost its probability. Nevertheless, blue and green may have 
some dark, and yellow and red some bright, quality. This is perhaps 
connected with a specific element which led to red and yellow being 
designated warm colors and blue and green cold, with respect to their 
esthetic value. However this may be, saturation and brightness of 
color cannot be considered independent variable factors of sensation. 

The view that the three components, brightness, hue and saturation, 
were independently variable was founded on the theory of Helmholtz, 
who suggested that these three components were defined by some char- 
acteristics of the exciting light. The hue was said to depend on the 
wavelength, the brightness on the intensity of the radiation and the 
saturation on the proportions of homogeneous spectral light and of white 
light. According to this assumption the sensation produced by homo- 
geneous spectral light, namely, light of a single wavelength or, better, of 
a very narrow band of wavelengths, was considered to be most saturated. 
But one can perceive after-images or, by contrast, sensations of still 
greater saturation, as I shall discuss later. When the intensity of light 
increases the hue changes, and it then has none of the characteristics 
of a pure primary color. This is a classic example of the confusing 
of the physical stimulus with the sensation produced thereby. 

If, in a strictly psychologic sense, one desires to note the variables 
in color sensation which may change independently, it seems to me they 
are the following three: (1) the amount of black-white, (2) the amount 
of blue-yellow and (3) the amount of green-red sensation. Because 
green and red, and blue and yellow are by pairs antagonistic in a given 
sensation, only one partner of each pair can be present. 


DEPENDENCE OF COLOR SENSATION ON STIMULUS 


The experience of color is usually dependent, on the one hand, on 
external stimuli affecting the visual organ. These are called light rays. 
Their composition may be manifold. The experience is founded, on the 
other hand, on internal physiologic and psychic conditions which essen- 
tially determine the effect, the concrete sensation or perception. 
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Hering * called attention to the fact that the interpretation of one’s 
color sensations is, to a great degree, determined by experience. \ 
piece of white paper on the floor may be perceived as such or as a 
spot on which the sun is shining. The interpretation depends on the 
circumstances. Often the color of an object the qualities of which are 
known is seen not as it really appears but as one remembers it. That 
sensation Hering called memory color (Gedédchtnisfarbe). Therefore, 
in a room in which a reddish or yellowish illumination has been pro- 
duced by a great many sources of artificial light, things are perceived 
as having almost the same color as in daylight. Nevertheless, the 
composition of the reflected light is greatly altered. But this correction 
does not always obtain, and therefore women are cautious about the 
shades of blue they wear in artificial light. 

In a similar manner colors arising only from a physiologic basis, 
such as the contrast colors, are often suppressed because the memory 
colors predominate. The shadow on snow is to the keen observer blue 
or purple, and the artist paints it so; but the ordinary man does not 
see this contrast; he sees only the white color of the snow. 

Into this variety of experience some order may be brought by 
following the suggestions of Katz,*° who demonstrated that the so-called 
material of colors may be perceived differently in different circumstances. 

By looking through a small hole at a colored field of any kind at 
such a distance that it is impossible to distinguish any details of its 
surface, such as irregularities in texture, one has a perception of what 
Katz termed “plain colors” (Fldéchenfarben). These colors have an 
absolute character, although they may show to some extent also in the 
third dimension. The blue sky, for instance, has this character. | 
should prefer to call this kind of color perception “absolute color,” 
because the color has lost all factors of its usual appearance. 

The second type of colors that one sees are the so-called surface 
colors (Oberfléichenfarben). When one perceives a colored surface, 
for example a paper, with irregularities of texture, one has the impression 
that the color is bound to this surface. 


Katz named some phenomena already described by Hering spatial 
colors (Raumfarben). A darkly shaded corner in a room seems to be 
entirely gray; when the room is illuminated this area takes on color. 
This kind of color perception has three dimensions. 

The discrimination which Katz makes between the appearances of 
colors under different circumstances is not always possible, as this 
depends also on the disposition of the observer. Nevertheless, his state- 


20. Katz, D.: Die Erscheinungsweisen der Farben, Ztschr. f. Psychol., 1911, 
supp. 7. 
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ments seem justified, since neurologists have described cases of loss of 
perception of surface colors alone after injury to the brain (Gelb **). 

But all these questions are of merely psychologic interest. The 
question as to whether a person is able to experience all color sensations 
which are called color material is one dealing with a primitive function. 

How can the essential factors of the color sense of a person be 
determined? As in all researches concerning sensation, investigation is 
founded on special tests. One considers how the tests are performed and 
especially if the person tested does them in the same manner as the 
majority of persons. If he does so, his color sense is considered normal. 

In tests of the color sense the subject is asked to decide whether two 
colored fields are equal or not, and if they are not equal, in what manner 
they are unequal. This method is known as that of color equation. 

3etween the stimulus and the psychic sensation lies the transforma- 
tion of the stimulus into chemical or electrical processes in the peripheral 
organ and their conduction along the visual pathway to the central 
organs in the brain. The electrical processes arising in the retina and 
conducted along the optic nerve have been explored recently by Adrian 
and Matthews ** and by Kohlrausch ** and his pupil Sachs.** The action 
currents are different according to the light which influences the eye. 
One must suppose that in the peripheral organs the process is specific, 
depending on the specific character of light as to wavelength and 
intensity. But there is no need to discuss this here. 

To consider only the relation of the physiologic and the psychic 
final link is complicated enough. For clinical purpose, physicians are 
usually content to carry out some simple tests by means of cards, such 
as those of Stilling or of Ishihara. 

Even if specially adapted spectroscopes are used, for example the 
so-called anomaloscope, only one equation is tested. As a rule, con- 
clusions are drawn therefrom as to the entire color sense. But that can 
be allowed only for practical, not for scientific, purposes. If the color 
sense of a person is to be studied exhaustively in a scientific manner, it 
must be gaged. Theoretically, it would be of no importance whether for 
this purpose homogeneous or mixed light is used. The physical definition 
of homogeneous spectral lights is easier, and they are therefore more 
easy of exact estimation than mixed lights, whether they arise by 


21. Gelb, A.: Ueber den Wegfall der Wahrnehmung von “Oberflachenfarben,” 
Ztschr. f. Psychol. 84:193, 1920. 

22. Adrian, E. D., and Matthews, R.: Action of Light on the Eye, J. Physiol. 
63:378, 1927; cited by Kohlrausch.23 

23. Kohlrausch, A.: Die elektrischen Vorgange im Sehorgan, in Schieck, F., 
and Briickner, A.: Kurzes Handbuch der Ophthalmologie, Berlin, Julius Springer, 
1932, vol. 2, p. 118. 

24. Sachs, cited by Kohlrausch,?3 p. 150. 
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reflection from pigment or by absorption when passing through filters, 
For general demonstrations the second method may be sufficient, but 
for gaging, the use of homogeneous spectral lights is indispensable. 
Therefore, I shall discuss only some experiments carried out by means 
of spectral lights. 

By mixing three suitably chosen spectral lights it is possible to 
produce all colors, at least their hue. On this fact is based the three 
component theory propounded by Thomas Young and improved by 
Helmholtz (fig. 5). On this basis rest the investigations of the majority 
of English authors and those of Helmholtz and his pupils in Germany, 
According to their experiments the colors red, green and blue or violet 
are usually taken as fundamental colors, because, as I have already said, 
by mixing these all other hues in the spectrum can be obtained. 

The principle employed depends on the fact that the mixture of two 
lights which are not too far apart in the spectrum, for instance orange 
and yellowish green, gives the appearance of the color of some light 
lying between the two—in the sample chosen, orange, yellow, etc. The 
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Fig. 5—Scheme of the course of excitability curves for the three kinds of 
fibers, after Young and Helmholtz, with reference to different spectral lights. 
The colors in the spectrum are distinguished by their initials. The continuous 
line is the curve for red; the dash line, the curve for green, and the dash and 
dot line, the curve for violet. 


color produced by the mixture depends on the proportions of the two 
components, and the resulting color will be nearer that of one of 
them. 

When the two components are more distant from each other in the 
spectrum the resulting colors become less and less saturated ; neverthe- 
less, the hues accord with those of the colors produced by lights between 
the components. But at a certain distance the result of the mixture is 
colorless, without hue. These are the so-called complementary lights 
or antagonistic lights. The number of pairs of complementary colors 
is great: for instance, yellow and blue, and yellow-green and _ violet 


(fig. 6). 


One may object that the mixture of a yellow and a blue pigment is not white 
but green, and that is true; but here (fig. 7), as was shown by Helmholtz, the 
wavelengths which affect the green sensation are residuary. The yellow pigment 
absorbs the short wave half of the spectrum, effecting a blue sensation. The 
blue pigment absorbs the red and yellow. When the two are mixed there remains 
only the middle part of the spectrum, which appears green. 
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If the two components in the spectrum are still farther apart, 
especially if they are situated at the two ends of the spectrum, there 
result sensations of color that are not in the spectrum, namely, the purple 


colors. 
Such color equations are given in immense number by different 


authors. 











Fig. 6.—Complete color nuance sequence or color circle of Hering, with the 
antagonistic colors contrasted. (After Tschermak, in Bethe, A., and others: 
Handbuch der normalen und pathologischen Physiologie, Berlin, Julius Springer, 
1929, vol. 12, pt. 1, p. 300.) 














Fig. 7.—Scheme of spectral absorption by yellow pigment, by blue pigment and 
by a mixture of both: green appearance of the residual rays of the green spectral 
region. Yellow pigment: + red light + yellow light + green light —blue light. 
Blue pigment: —red light —yellow light + green light + blue light. Mixture 
of yellow and blue pigment: + green light as residual physical subtraction. (After 
Tschermak, in Bethe, A., and others: Handbuch der normalen und pathologischen 
Physiologie, Berlin, Julius Springer, 1929, vol. 12, pt. 1, p. 300.) 


In these experiments daylight was not used as a rule, on account of 
the change in the intensity of light caused by the variations in the 
clouds and in the altitude of the sun. Therefore, artificial light was 
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usually employed. But here, with gaslight, for instance, the intensity 
of the different parts of the spectrum is dependent on the pressure of 
the gas and the temperature of the flame resulting therefrom. The same 
may be said of electric light, which varies in quality according to the 
intensity of the electric current. According to the law of Wien, the 
maximum of intensity of different wavelengths in the spectrum changes 
with increasing temperature, in the sense that the shorter waves pre- 
dominate. 

Theoretically, one may calculate the amount of each wavelength 
according to a standard spectrum, for instance, that of daylight with 
constant dispersion, as in the interference spectrum. But that cannot 
be achieved when the data concerning the spectrum used are not 
specifically given, such as the dispersion of the prism and the distribu- 
tion of the intensity. Therefore, the results of different observers are 
only slightly comparable. 

In regard to the constancy of the physiologic conditions of the visual 
organ, the earlier investigations are still more unreliable. The general 
adaptation of the eye especially has not been sufficiently taken into 
account. Therefore, dark adaptation has greatly changed the observa- 
tions, and a great many former researches are worthless, because by 
increasing dark adaptation the colors become less and less saturated. A 
great number of those experiments were carried out before the impor- 
tance of dark adaptation on color vision was realized. Recently Kohl- 
rausch and van Meerendonk ?° emphasized the fact that in order to gage 
the color sense good light adaptation is indispensable. Pitt 7° in his 
latest investigation remained ten minutes in a dark room before beginning 
his experiments. A remarkable degree of dark adaptation was obtained. 

Thus this research is complicated. If, nevertheless, conclusions are 
drawn with some reserve as to the functional dependence between 
physical stimulus and color sensations, it is necessary to note that the 
results are not entirely satisfactory. This is true especially because for 
knowledge of the whole color system and its variations investigations 
should be made on a far greater number of persons than have been 
studied up to the present. 

I shall first relate some experiments in spectrum gaging. In reduc- 
ing the lights necessary for producing all colors to the smallest number, 
namely, to three lights, it is not always possible or necessary to use all 
three of those suitable gaging lights. 


25. Kohlrausch, A., and van Meerendonk, P.: Ueber den Geltungsbereich 
spektraler Farbengleichungen, Ztschr. f. Sinnesphysiol. 66:45, 1935. 

26. Pitt, F. H. S.: Reports of the Committee upon the Physiology of Vision: 
XIV. Characteristics of Dichromatic Vision with an Appendix on Anomalous 
Trichromatic Vision, Medical Research Council, Special Report Series, no. 200, 
London, His Majesty’s Stationery Office, 1935. 
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[he experiments of Konig and Dieterici ** showed that for a stimulus 
to produce the colors at the two ends of the spectrum it is sufficient 
only to change the intensity of a light of 670 millimicrons at the red end 
and of about 430 millimicrons at the violet end of the spectrum. These 
so-called end spaces (Endstrecken) of the spectrum extend at the red end 
to 655 millimicrons and at the violet end to 430 millimicrons. ‘Toward 
the middle of the spectrum there are two smaller spaces where it is 
necessary to mix two lights (e. g., 670 and 580 millimicrons or 475 and 
433 millimicrons) in order to obtain the colors produced by stimulation 
with a homogeneous light. These spaces extend from about 655 to 630 
millimicrons and from 475 to 430 millimicrons. Between those two 
spaces, the so-called Zwischenstrecken, lies the middle space. It occupies 
the range from 630 to 475 millimicrons. Here at least three lights are 
needed to produce a hue by mixture of the colors effected by homo- 
geneous light in this part of the spectrum. 

But it is much easier not to mix three lights on one side of the 
spectrum but instead to use two lights on one side and to add light from 
a third to the homogeneous one in the other half of the field. The light 
that is added can then itself again be gaged by another equation, and 
so on. 

I shall here briefly touch on the manner of gaging. The equations 
obtained in this way may be treated mathematically. The amount of 
light used for the different wavelengths is measured by the width of 
the slits of the apparatus. By this method of gaging. it is possible to 
express the physiologic value of each wavelength in the spectrum by 
the exciting effect of three suitable homogeneous spectral lights. 

The investigations of Konig and Dieterici 7“ concerned the dispersion 
spectrum of gaslight. The energy distribution of this light is known to 
be unequal, showing a greater dispersion toward the short wave end. 
Therefore, a conversion into the spectrum of equal dispersion, namely, 
the interference spectrum, is desirable. If one wishes to obtain gaging 
curves with regard to a standard light, such as sunlight, a further con- 
version is necessary. All these conversions have been carried out by 
Konig and Dieterici. Such curves have also been made by many other 
authors. I shall mention only Abney, Pitt, Lord Rayleigh and Kohl- 
rausch.?8 


27. Konig, A., and Dieterici, C.: Die Grundempfindungen im normalen und 
anomalen Farbensystemen und ihre Intensitatsverteilung im Spektrum, in Ko6nig, 
A.: Gesammelte Abhandlungen zur physiologischen Optik, Leipzig, J. A. Barth, 
1903, p. 214. 

28. (a) Abney, W. de W.: Researches in Colour Vision and the Trichromatic 
Theory, London, Longmans, Green & Co., 1913. (b) Pitt.26 (c) Rayleigh: 
Experiments on Colour, Nature, London 25:64, 1881. (d) Kohlrausch and 
van Meerendonk.?5 
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I confine myself to the results of Konig and Dieterici, because they 
allow a comparison with curves obtained by another method, which | 
shall speak about later. 

From the curves in figure 8 which were made for persons with 
normal color sense, it is seen that those for the two observers 
K6nig and Dieterici (the continuous and the dash line) agree well. 
These curves relate to the three gaging lights, red, yellowish green 
and blue. The unit of these is at first arbitrary. But the authors took 
comfort in the three component theory, which states that the simul- 
taneous and equally great stimulation of three fibers produces the white, 
or colorless, sensation. Therefore, they took as the unit for each of 
the gaging lights the amount which was necessary to produce the white 
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Fig. 8—Curves for the three fundamental sensations. (After Konig and 
Dieterici.?7 ) 


sensation by the mixture of all of them together. But this is arbitrary if 
not a petitio principi. 

Konig and Dieterici tried to prove that in reality the three curves 
represent the course of the so-called fundamental sensations. By this 
name they designate a sensation which corresponds to a simple process 
in the peripheral organ. Donders *® called it fundamental color. The 
ordinates of the curves of Konig and Dieterici should therefore repre- 
sent for each point of the spectrum the amount of the excitation of 
the three fibers which the Young-Helmholtz theory suggested. Konig 
and Dieterici took as the fundamental sensation, first, a red which 
lies at some distance from the red end of the spectrum, toward the 
purple; second, a green corresponding to a wavelength of 505 milli- 
microns, and third, a blue of about 470 millimicrons. These authors 


29. Donders, F. C.: Ueber Farbensysteme, Arch. f. Ophth. 27:155, 1881. 
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were of the opinion that these three colors correspond to three of 
Hering’s original colors—the Urfarben. But that is not correct. Hering 
called attention to the fact that the supposed red is still somewhat 
yellowish and therefore does not correspond to Hering’s red, which is 
neither yellowish nor bluish. Also the green produced by 505 milli- 
microns contains some yellow. The original, neither yellowish green 
nor bluish green, is situated at about 495 millimicrons. 

In contrast to the gaging of the spectrum by three lights, the gaging 
with four according to the four pure colors of Hering has hitherto been 
carried out only once. These investigations were made at Hering’s 
suggestion in the Physiological Institute in Leipzig, Germany.*° They 
were based on the main idea of Hering’s theory, namely, that on the 
one hand red and green and on the other hand yellow and blue are 
produced in the visual substance by antagonistic processes. If two 
lights, one producing the sensation of red and the other of green, are 
mixed, the processes compensate so far as they are of equal quantity. 
Only an excess of the process which corresponds to one or the other 
color is perceived as red or green. The analogy is valid also for blue 
and yellow. When the antagonistic excitations are equal the result is 
the colorless sensation. The white is, according to Hering’s theory, a 
residuary process; according to the Young-Helmholtz theory, it is a 
process of summation. 

In order to determine the content or value of a pure color produced 
by a homogeneous light, the amount of the pure antagonistic color 
necessary to extinguish the opposite color was determined. For instance, 
to an orange light of 615 millimicrons was added sufficient pure green 
light of 495 millimicrons to produce a pure yellow. Because it is not 
easy to decide if this yellow is really pure and does not contain some 
greenish or reddish color, the other half of the field in the eye piece of 
the spectroscope was filled with a pure yellow (of a wavelength of 
580 millimicrons), taken from the other collimator of the instrument. 
By mixing this with a certain amount of white light any difference in 
the saturation was equalized. The width of the slit which gave sufficient 
green light to extinguish the red component of the orange light gave a 
value equivalent to the amount of red light present (fig. 9). In this way 
the values for red were determined for the parts of the spectrum con- 
taining red (the long waves from the end to the pure yellow at 580 
millimicrons and at the violet end from the pure blue, corresponding 
to 480 millimicrons to the end). 

In a similar manner the values for pure yellow and for pure blue 
were found. 


30. Briickner, A.: Zur Frage der Eichung von Farbensystemen, Ztschr. f. 
Psychol. u. Physiol. d. Sinnesorg. (Abt. 2) 58:322, 1927. 
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In these equations a difficulty arose, because by certain mixtures a pure red 
resulted. For comparison it was not possible to use a homogeneous light, because 
there is none in the spectrum. Therefore, a filter consisting of a solution of 
carmine and gentian violet was used (fig. 9), which gave a pure red. As this 
filter light was used for comparison only, and not for matching the values of the 
lights, there could be no objection to its use for this purpose. 


In the mixtures containing light of short wavelengths (violet or 
bluish green) the yellow pigmentation of the macula interferes with 
exact measurement. Therefore, the observations were made with the 
paramacular part of the retina; a dark spot 1.3 mm. in diameter in the 


Fig. 9—C: and C2, the two collimators each with two slits, so that two 
independent spectrums are thrown by the two prisms P; and Pz The rays are 
united in the slits S: and S2, and go directly or by complete reflection through 
prism Ps; into the ocular with the slit Si. K is a small glass vessel filled with 
color solution, the light from which after passing through the slit Ss and reflection 
from the mirror R is united with the mixture of rays from the collimator C:. 
B is the diaphragm. (After Briickner.*°) 


middle of the field of the eye piece excluded the central part of the retina. 
The results were then obtained on excitation of only peripheral parts 
of the retina by slightly excentric observation. After some trials the 
experiments were easily carried out. 

Daylight was used, and as the duration of a series of experiments 
was from five to six hours, the intensity of light naturally changed. But 
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by carrying out several series of experiments and by changing the 
sequence of the tested lights, this influence was eliminated, as far as 
possible, by ascertaining averages. 

The values first found for the spectrum of dispersion were later 
converted into those of the interference spectrum of the sun with equal 
dispersion in all parts. The curves shown demonstrate averages of 
different curves. These are obtained by setting the highest values 
as 100 millimicrons and the average curve from 5 to 5 millimicrons 
(fig. 10). The curves show the effect of different parts of the spectrum. 
According to Hering’s suggestion of the antagonistic character of the 
two pairs of colors, the curves for red and yellow are above, and those 
for green and blue below, the zero line. The parts of the curves obtained 
by observation are continuous; those secured by graphic interpolation 
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Fig. 10.—Gaging of color systems. Yellow and red are above the zero line, 
and blue and green are below. The parts of the curves obtained by observation 
are continuous; those by graphic interpolation are made up of dash lines. (After 
3riickner.3°) 


are made up of dash lines. Here it was impossible to get good equations 
because the mixtures were insufficiently saturated. 

The positions of the maxima are of some interest. That of the 
red lies in the orange at about 615 millimicrons, where one would not 
expect it. That of green is situated at 530 millimicrons, at a point 
where the green appears yellowish. It is remarkable that the highest 
point of the value of yellow is to be found at about 570 to 550 milli- 
microns, at a greenish yellow which does not seem to have such a great 
amount of yellow. 

The curves agree with the position of the pure colors in the spectrum. 
The course of the red-green curve permits the conclusion that cor- 
responding to the direct aspect of pure yellow lies at 580 millimicrons 
and the pure blue at 470 millimicrons. The position of the pure green 
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at 495 millimicrons is, owing to the interpolation, perhaps, not absolutely 
exact, but it corresponds to the results which were obtained by free 
determination in a spectrometer of the apparently pure green. 

If the theory of antagonistic colors is right, namely, that the antago- 
nistic values cancel out in daylight, the area of the yellow curve and 
that of the red and of the green should be equal by pairs. This apparently 
is not so: The area of the yellow is larger than that of the blue, and 
the same is true as to red and green. This fact may be based on the 
color of daylight, namely, that it is not absolutely colorless or neutral 
but to the human eye has a yellowish red hue. That is perhaps caused 
by deflection of light in the atmosphere or by the light falling through 
the sclera into the eye. In the latter case reddish light is added to that 
passing through the pupil. 


A short discussion of the so-called Bezold-Briicke phenomenon?! is of some 
interest. This consists in the alteration of the hue with increasing intensity of 
light. At low intensity yellow and blue occupy a very small space in the spectrum. 
If the intensity increases, the blue and yellow extend and correspondingly the 
red and green shrink. 

When looking at the curves of the four pure colors in Hering’s sense (fig. 10), 
it is easy for one to understand why yellow, with its low value up to 610 milli- 
microns, remains under the threshold, in contrast with the high value of red in this 
region. The same may be said of the region from 520 to 490 millimicrons, where 
the excitation values of green are higher than those of yellow. As I have said, 
there is no common scale for the ordinates of the red-green and the yellow-blue 
curve. But the three component curves do not give a satisfactory explanation of 
this point. 


A greater interest attaches to the relation between curves for 
Hering’s pure colors and those of Konig and Dieterici. From the first 
it is supposed that the gaging of the spectrum with three lights cannot 
fundamentally give other results than with four components. This 
consideration suggested the attempt to transfer the Konig curves, 
obtained from three gaging lights, into curves of the four Hering 
colors. This proved to be possible. In the following discussion the curves 
of Konig, whose color system seems to possess great similarity to that 
of the observer of the four light gaging method, are transformed into 
Hering’s colors. 

In K6nig’s curves (fig. 8) at about 575 millimicrons, where the 
green and the red curve cross, their ordinates are equal and the spectrum 
at this point appears pure yellow. Therefore, the two gaging lights 
must be a yellowish red and a yellowish green. The red and the green 
part extinguish each other, according to Hering’s theory; otherwise. 
a pure yellow would never result. If it is supposed that the value for 


31. Bezold, W.: Die Farbenlehre, ed. 2, Braunschweig, F. Vieweg & Sohn. 
1921, p. 19. 
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yellow in the green and in the red curve are added together, by the 
addition of the ordinates of these curves the value for yellow in these 
lights is obtained. 

In view of Konig’s blue curve it seemed permissible to take it as a 
measure also of the value of Hering’s blue. Of course, it was essential 
to consider that beyond the point of pure green (at about 495 milli- 
microns) to the short wave end of the spectrum, in the red and green 
curves of K6énig some yellow was present. If the ordinates of these 
two curves are added, the equivalent should be subtracted from the 
ordinates of Konig’s blue curve. 

In this manner the height of the ordinates of Hering’s yellow and 
blue curves were determined from 10 to 10 millimicrons. The maxi- 
mum in each curve was taken as 100, and the other values were 





a, V+ 2. 2 





100 
80 
60 
40 
20 

i" 0 
“20 

40 
60 
60 

190 





— ve. = © S Se 








Fig. 11—Gaging curves transformed from Konig (normal) and Zehender 
(deuteranomals) for yellow and blue. (After Briickner.?°) 


reckoned proportionally. The resulting curves agree almost entirely 
in all respects with those obtained by experiment according to Hering’s 
method (fig. 11). 

For the determination of Hering’s green and red curves the procedure 
was similar. At the red end of the spectrum, where there are only 
Konig’s red and green, according to Hering’s suggestion of the antago- 
nistic character of red and green, one counts only the difference of the 
ordinates of the two curves, representing the value of Hering’s pure 
red. Accordingly, in the region from 575 to 495 millimicrons, from the 
difference of the ordinates the value of the pure green in Hering’s sense 
is to be found. The proportional determination was made in the same 
manner as for the blue-yellow curve. The method of determining the 
red values at the violet end of the spectrum was more complicated ; its 
consideration is not essential here. 
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The curves for Hering’s red-green obtained from K6nig’s curves 
(fig. 12) are similar to those found by direct observation. The slight 
differences present may be due to the fact that Konig made his 
observations on the macula while the other observations were made 
on the paramacular region of the retina. 

As shown in table 1, the maxima of the curves obtained by the two 
methods are sufficiently close when one considers the different sources of 
light used by the authors. 

It is remarkable that almost at the same time similar transformations 
were carried out by Hiecke ** and Schrodinger,** which produced simi- 
lar results. 
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Fig. 12.—Gaging curves transformed from Konig (normal) and Zehender 
(deuteranomels) for red and green. (After Briickner.®°) 


TaBLe 1.—Position of the Maxima for Hering’s Fundamental Colors: 
Normal System 








Hering, Konig, 
Colors Millimicrons Millimicrons 





I may, perhaps, suggest that the discussion regarding the gaging 
of the light of the spectrum shows that it is not possible to conclude 
from these experiments whether a three or a four component theory is 


32. Hiecke, R.: Neue Folgerungen aus den Farbenempfindungskurven von A. 
K6nig und C. Dieterici, Ztschr. f. Psychol. u. Physiol. d. Sinnesorg. (Abt. 2) 
58:111, 1927. 

33. Schrodinger, E.: Ueber das Verhaltnis der Vierfarben- zur Dreifarben- 
theorie, Sitzungsb. d. k. Akad. d. Wissensch. Math.-phys. Cl. 134:471, 1925. 
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valid. By this method one can never determine which colors or lights 
are principal or fundamental in the sense that they correspond to a 
relatively simple process in the visual substance. 

sy gaging, nothing is learned concerning the curve of the white- 
black sensations. There is no proof of the Young-Helmholtz theory— 
that the simultaneous and equal stimulation of the nerve fibers, or 
whatever one calls them, producing the three color sensations gives a 
noncolored sensation. The same can be said of Hering’s theory that 
the colorless sensations arise from an independent substance. 

A further suggestion by Hering, that the distribution of the lumi- 
nosity in the septrum at low intensity and at dark adaptation of the 
eye represents the values of the effect on the white-black substance, is not 
correct. The maximum luminosity for the light-adapted eye is situated 


Fig. 13.—Equivalence curves of the distribution of the spectral luminosity 
(spectral dispersion of gaslight). The continuous line indicates so-called peripheral 
values, by daylight vision; the broken line, so-called scotopic values (extrafoveal 
average values). (After von Kries, in Bethe, A., and others: Handbuch der 
normalen und pathologischen Anatomie, Berlin, Julius Springer, 1929, vol. 12, 
pt. 1, p. 685.) 


in the spectrum at about 580 millimicrons ; that for the dark-adapted eye, 
at the low intensity of the spectrum at about 530 millimicrons. 

As I have already observed, Hering and Hillebrand would explain 
this fact by the specific luminosity of the various colors. But this cannot 
be accepted as correct, since in the scotopic eye a different apparatus 
functions from that in the light-adapted eye. The luminosity curve of 
the spectrum for the periphery of the retina, where colors are not 
perceived, is the same as that for the macular region of the light- 
adapted eye and does not in any way agree with the luminosity curve 
of the dark-adapted eye (fig. 13). 
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It seems to me hardly permissible, however, to conclude that with 
peripheral vision the values of the white-gray-black component of the 
various colors are perceived, because one cannot know whether or not 
when they are not perceived the colored component has any influence on 
the luminosity. Therefore, at present it is not possible to determine 
by experiment the so-called white value of the different lights in the 
light-adapted eye. If one attributes to the colored component a con- 
stant value of luminosity, one may consider the luminosity curve as that 
of the white value. 

This may be correct if the specific colors have some peculiar lumi- 
nosity, but the “weight” (das Gewicht, Hering) of the amount which 
corresponds to them is small in proportion to that of the process cor- 
responding to the colorless part of the sensation. Therefore, the influ- 
ence of the colored part of the resulting brightness is small. 

The fundamental thought of Hering’s theory was founded on the 
idea that by stimulation of the peripheral organ in the visual sub- 
stance some chemical substances of antagonistic character were produced 
proportional to the sensation. 

This hypothesis of Hering seems to be supported by recent researches 
in general neurophysiology. E. T. von Brticke, professor of physiology 
in Innsbruck, Austria, has permitted me to discuss this point somewhat 
fully. Physiologic researches have proved that after excitation of a 
nerve certain substances are produced in the effector organ (e. g., the 
muscle). For instance, after excitation of the vagus nerve acetylcholine 
is present in the muscle of the heart ; after stimulation of the sympathetic 
fibers a substance similar to epinephrine is formed. In these two cases 
substances are produced the effect of which is accepted as that of the 
stimulated nerves. American authors found also that by stimulation 
of the sympathetic chain a substance they called sympathin, which 1s 
probably merely epinephrine, was produced. 

Loewi’s pupils found that after stimulation of the parasympathetic 
nerves the effect in the organ concerned is due to acetylcholine, which 
is also found in the aqueous humor of the anterior chamber of the eye. 

Similar processes have since been noted in the central nervous sys- 
tem, especially in the sympathetic ganglions. If these are produced by 
the central nervous system itself, the stimulation must be effected by 
humoral substances within this system. Therefore, Hering’s theory of 
the formation of antagonistic chemical substances is in accord with the 
recent findings regarding the action of peripheral nerve endings where 
contractions are controlled by the antagonistic action of acetylcholine 
and epinephrine. 

(To be continued) 
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It is now generally agreed that none of the bacteria which have been 
found on the trachomatous conjunctiva are concerned etiologically in 
the disease. In 1912 Nicolle, Blaizot and Cuénod! concluded, on the 
basis of two filtration experiments in which they had employed modi- 
fied Berkefeld V filters, that the agent of trachoma was filtrable. In 
the first experiment a bacteria-free filtrate of trachomatous material 
produced a disease typical of experimental trachoma in a Macacus inuus 
(Barbary ape) which was proved to be trachoma by transfer to a 
blind human eye. In the second experiment a bacteria-free filtrate 
proved infectious for a chimpanzee. 


Confirmation of the filtrability of the agent of trachoma has come 
from the experiments of Thygeson and Proctor * with baboons, Thyge- 
son, Proctor and Richards* with a human volunteer and Julianelle, 
Morris and Harrison * with Macacus rhesus monkeys. These investi- 


Aided in part by a grant from the Committee on Scientific Research of the 
American Medical Association. 

Read before the Section on Ophthalmology at the Eighty-Ninth Annual 
Session of the American Medical Association, San Francisco, June 15, 1938. 

From the Department of Ophthalmology, College of Physicians and Surgeons, 
Columbia University, and the Institute of Ophthalmology, Presbyterian Hospital, 
in cooperation with the Division of Health, Office of Indian Affairs, Department 
of the Interior, Washington, D. C. 

1. Nicolle, C.; Blaizot, L., and Cuénod, A.: Le magot, animal réactif du 
trachome: Filtrabilité du virus; pouvoir infectant des larmes, Compt. rend. 
Acad. d. se. 155:241, 1912. 

2. Thygeson, P., and Proctor, F. I.: Filtrability of Trachoma Virus, Arch. 
Ophth. 13:1018 (June) 1935. 

3. Thygeson, P.; Proctor, F. I., and Richards, P.: Etiologic Significance of 
the Elementary Body in Trachoma, Am. J. Ophth. 18:811, 1935. 

4. Julianelle, L. A.; Morris, M. C., and Harrison, R. W.: Studies on the 
Infectivity of Trachoma: Further Observations on the Filterability of the Infectious 
Agent, Am. J. Ophth. 20:890, 1937. 
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gators have found that the agent filters inconstantly and that apparently 
certain conditions of filtration must be satisfied in order to obtain active 


filtrates. 


FILTRABILITY OF THE AGENT OF TRACHOMA 


In table 1 are summarized the results of 22 filtration experiments 


performed by us. 


Six active filtrates were obtained under conditions 


designed to insure maximum activity of the material to be filtered and 


minimum losses due to adsorption in the filter. 


Tas_e 1.—Results in Twenty-Two Filtration Experiments 


Maximum activity of 








No. of 

Experi- 

ments Type of 
Performed Filter 


3 Berkefeld V 

3 Berkefeld N 
Chamberland L2 
Chamberland L3 
Elford 
0.704 A.P.D.* 
Elford 
0.754 A.P.D. 


Elford 
0.64 A.P.D. 


Elford 
0.64 A.P.D. 


Modified Berke- 
feld V 


Modified Berke- 
feld V 


Modified Berke- 
feld V 


Material 


Pooled expressed follicu- 
lar material 


Pooled expressed follicu- 
lar material 


Pooled expressed follicu- 
lar material 


Pooled expressed follicu- 
lar material 


Epithelial scrapings, 
case of acute trachoma 


Pooled epithelial scrap- 
ings; cases of highly 
active trachoma 


Pooled epithelial scrap- 
ings; cases of highly 
active trachoma 


Pooled epithelial scrap- 
ings sent by air mail 
(36 hr.) to laboratory 


Epithelial scrapings with 
many inclusions; case 
of active trachoma 


Pooled epithelial scrap- 
ings; 3 cases of active 
trachoma 


Pooled epithelial scrap- 
ings; 2 cases of active 
trachoma 


Results: 6 successful filtrations in 22 experiments 


Filtrate 
Cultures 
No growth 
No growth 
No growth 
No growth 


No growth 


No growth 


No growth 


No growth 


No growth 


No growth 


No growth 


Subjects 


M. rhesus 
monkeys 


Human 
volunteers 


Human 
volunteers 


Human 
volunteers 


M. rhesus 
monkeys 


Baboons 


Human 
volunteer 


Human 
volunteers 
Baboons 


Baboons 


Baboons 


Filtrate 
All 3 
negative 
All3 
negative 
Negative 


Both 
negative 


1of2 
positive 


All 4 
positive 


Positive 


Both 
negative 


Both 
negative 


Negative 


Negative 





* Average pore diameter. 


the trachomatous material was attained in 5 of the 6 successful experi- 
ments by using pooled epithelial scrapings from trachomatous Indian 
children (selected for activity) from the Theodore Roosevelt Trachoma 
School, Fort Apache, Ariz. For the sixth experiment the material was 
obtained in New York from an adult white person with acute trachoma. 
Losses during filtration were minimized by the use of Elford graded 
collodion membranes of a pore size sufficient to retain the conjunctival 
bacteria (from 0.6 to 0.75 micron average pore diameter) and by 
employing a filtration surface of only 0.6 sq. cm. 
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Of the 16 negative filtrates, 11 were obtained with unsatisfactory 
material and with the ordinary types of porcelain and Kieselguhr filters. 
Scrapings from unselected trachomatous subjects were employed in all 
11 of the 16 experiments, and in 9 of the 16 expressed follicular material 
was used rather than epithelial scrapings. Since the available evidence 
now indicates that the agent of trachoma has an epithelial localization, 
the type of material utilized is probably important. 

Characteristically, the material yielding active filtrates contained sub- 


stantial numbers of epithelial cell inclusions (Halberstadter and von 
Prowazek,® 1907). 


RELATION OF THE FILTRABLE AGENT TO THE ELEMENTARY 
BODIES OF TRACHOMA 


Minute bodies of a size consistent with filtrability were noted in 
trachomatous material by Halberstadter and von Prowazek.®’ These 
bodies, which they considered to be the active agent of the disease, were 
seen both free in the secretion and massed together in the cytoplasm of 
epithelial cells to form the inclusions, which are now recognized as the 
most characteristic microscopic evidence of the disease. While these 
bodies have been accepted as etiologic by Axenfeld,® Lindner,’ Tabor- 
isky,S Rotth,® Bengtson and Rolufs '° and others, the evidence advanced 


has been insufficient to gain universal acceptance of the theory. 
The following sections of this report summarize the results of our 
studies on the elementary bodies of trachoma. 


NATURE OF THE ELEMENTARY BODIES OF TRACHOMA 


In Giemsa-stained epithelial scrapings from persons with active 
trachoma the elementary bodies were seen as minute, sharply defined, 
reddish blue bodies having a diameter of about 0.25 micron (fig. 1). 
They were gram-negative but failed to stain with the usual counter- 
stains. Comparison with the elementary bodies of vaccinia and mollus- 
cum contagiosum revealed no striking morphologic differences but 
different staining properties. In contrast to the usual type of virus ele- 


5. Halberstadter, L., and von Prowazek, S.: Ueber Zelleinschliisse para- 
sitarer Natur bei Trachom, Arb. a. d. k. Gsndhtsamte. 26:1, 1907. 

6. Axenfeld, T.: Die Aetiologie des Trachoms, Jena, Gustav Fischer, 1914. 

7. Lindner, K., in Berens, C.: The Eye and Its Diseases, Philadelphia, W. B. 
Saunders Company, 1936, p. 437. 

8. Taborisky, J.: Die Prowazek-Halberstadterschen Korperchen und ihre 
klinische Bedeutung, Arch. f. Ophth. 124:455, 1930. 

9. R6tth, A.: The Microbic Etiology of Trachoma, abstracted, Rev. internat. 
du trachome 15:31, 1938. 

10. Bengtson, I. A., and Rolufs, L. S.: Observations on Epithelial-Cell 
Inclusions of Early Uncomplicated Trachoma, Am. J. Ophth. 19:229, 1936. 
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mentary body, which requires mordants and special stains for demon- 
stration, the elementary bodies of trachoma appear to have the general 
staining characteristics of. the Rickettsiae: with the Giemsa method 
_they were demonstrable after staining with a dilute solution for as short 
“a period as thirty minutes; the elementary bodies of vaccinia and 
molluscum contagiosum, treated similarly, remained unstained. 

On the other hand, the elementary bodies of trachoma are so like 
the granules of inclusion blennorrhea and psittacosis in morphologic 
structure and staining reactions that a morphologic differentiation 
between them would seem to be impossible. A further point of resem- 
blance between the granules of these three diseases, as well as a point 
of difference between them and the typical virus elementary body 





Fig. 1—Free elementary bodies in an epithelial scraping from a patient with 
trachoma of high activity. Giemsa stain; x 2000. 


(e. g., of vaccinia), is the occurrence of large, coccobacillary forms 
(initial bodies), which take a pure blue stain as opposed to the reddish 
blue of the more numerous small forms. 

The minute bodies of trachoma form an inclusion body (fig. 2) 
in the cytoplasm of the epithelial cells exactly like the inclusion body of 
inclusion blennorrhea. Both have a glycogen-containing ground sub- 
stance ™ (fig. 3). The inclusion body of psittacosis, otherwise quite 
similar, contains no glycogen but in the young form possesses a 
basophilic-staining matrix. 


11. Rice, C. E.: The Carbohydrate Matrix of the Epithelial-Cell Inclusion 
in Trachoma, Am. J. Ophth. 19:1, 1936. Thygeson, P.: The Matrix of the 
Epithelial Cell Inclusion of Trachoma, Am. J. Path. 14:455, 1938. 
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(on the basis of these observations it is believed that the elementary 
bodies of trachoma are virus bodies like those of psittacosis and inclu- 
sion blennorrhea and that they are similar, except in staining reactions, 








Fig. 2.—Epithelial cell inclusion body (Halberstadter-Prowazek) of trachoma. 
Giemsa stain; x 2000. 





Fig. 3.—Inclusion body of trachoma stained with compound solution of iodine 
to show the presence of a glycogen-containing matrix; x 2000 


to typical virus elementary bodies, such as those of vaccinia, fowlpox 
and molluscum contagiosum. 
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OCCURRENCE OF THE ELEMENTARY BODIES ON THE 
CONJUNCTIVA 

Giemsa-stained epithelial scrapings from 1,700 persons with con- 
junctivitis were examined for the presence of the elementary bodies of 
Halberstadter and Prowazek either free or as epithelial cell inclusions. 
They were found only in material from persons with inclusion blennor- 
rhea (61 patients) and with trachoma (320 patients). Since the material 
for study was derived from localities representative of widely sepa- 
rated sections of the country (New York, Iowa, Arizona and New 
Mexico), it would seem safe to assume that this type of elementary 
body occurs only in these two diseases in the United States. 


FILTRABILITY OF THE ELEMENTARY BODIES OF TRACHOMA 


Filter tests were made simultaneously with material from a patient 
with acute trachoma which exhibited relatively large numbers of ele- 
mentary bodies and with a suspension of elementary bodies of mollus- 
cum contagiosum obtained by differential centrifugation of expressed 
material from the lesions of the disease. When the suspensions of 
trachomatous material were passed through Berkefeld V filters (small 
size, 34 by 5@ inch [1.9 by 1.5 cm.]) under ordinary conditions of fil- 
tration, no elementary bodies were demonstrable in the filtrate after 
centrifugation at high speed. This was equally true of the filtrates of 
molluscum contagiosum when the suspensions were diluted to approxi- 
mately the same density as the suspensions of trachomatous material ; 
with denser suspensions the elementary bodies were readily demonstrable 
in the centrifuged filtrate when suitably stained. The same experiment 
was performed with Elford graded collodion membranes of 0.6 micron 
average pore diameter and a filtration surface of approximately 0.6 sq. 
cm. In this case elementary bodies were demonstrable in the filtrates 
from the suspensions of both trachomatous and molluscum contagiosum 
material. 

It is evident, therefore, that elementary bodies of trachoma could 
have been present in the 6 positive filtrates of trachomatous material 
described earlier in this report. 


OCCURRENCE OF ELEMENTARY BODIES IN AN INFECTIVE FILTRATE 


The inoculation experiment, previously reported,* in which a human 
volunteer (C. B.) was used to test the infectivity of a filtrate, served 
also to test the role of the elementary body. The experimental material 
consisted of pooled epithelial scrapings from 10 trachomatous Indian 
children (selected for activity from 164 trachomatous subjects) and 
was relatively rich in epithelial cell inclusions and free elementary 
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bodies. After the material was ground and passed through rough filter 
paper to remove gross particles, the suspension was filtered through an 
Elford graded collodion membrane of 0.6 micron average pore diameter, 
and the filtrate was divided into equal parts, one-third for culture, one- 
third for inoculation and one-third for centrifugation at high speed. 
The third used for culture was found to be free from bacteria, while 
sediment of the third used for centrifugation showed moderate numbers 
of elementary bodies. Five days after the subject was inoculated, acute 
conjunctivitis developed, and epithelial cell inclusions and free elemen- 
tary bodies were demonstrated in large numbers. When the symptoms 
became chronic, about three weeks later, the inclusions and free bodies 
were demonstrable only in small numbers. There was no secondary 
bacterial infection, and the disease ran the course of typical trachoma 
with pannus and scarring. 


RELATION OF THE ELEMENTARY BODY OF TRACHOMA TO THE 
ELEMENTARY BODY OF INCLUSION BLENNORRHEA 


Inclusion blennorrhea is now well established as a virus disease by 
virtue of the filtration experiments of Gebb,!? Botteri,!* Thygeson,** 
Tilden and Gifford ?* and Julianelle.** It has been suggested that the 
elementary bodies of trachoma indicate merely a secondary infection 
with the virus of inclusion blennorrhea and have nothing to do with the 
causation of the primary disease. Since there is no morphologic means 
of differentiating the two types of elementary bodies nor any clinical 
means of differentiating the two diseases produced in monkeys, we have 
collected epidemiologic data in an effort to elucidate this question. 

Inclusion blennorrhea is seen in this country principally in infants. 
Of 50 cases studied, we have found evidence of spread in only 2, a 
proportion which indicates a low degree of communicability for the dis- 
ease. Inclusion blennorrhea also occurs sporadically in adults, but the 
virus is in much lower concentration in the lesions. In the 12 cases 
studied we found no evidence of transfer from one patient to another. 
It seems ** that the disease does not become epidemic, that the infection 


12. Gebb, H.: Experimentelle Untersuchungen iiber die Beziehungen zwischen 
Einschlussblennorrhoe und Trachom, Ztschr. f. Augenh. 31:475, 1914. 

13. Botteri, A.: Klinische, experimentelle und mikroskopische Studien iiber 
Trachom, Einschlussblennorrhoe und Frithjahrskatarrh, Klin. Monatsbl. f. Augenh. 
50:653, 1912. 

14. Thygeson, P.: The Etiology of Inclusion Blennorrhea, Am. J. Ophth. 17: 
1019, 1934. Thygeson, P., and Mengert, W. F.: The Virus of Inclusion Conjunc- 
tivitis: Further Observations, Arch. Ophth. 15:377 (March) 1936. 

15. Tilden, E. B., and Gifford, S. R.: Filtration Experiments with the Virus 
of Inclusion Blennorrhea, Arch. Ophth. 16:51 (July) 1936. 


16. Julianelle, L. A.: Personal communicatior to the authors. 
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of the infant takes place from the cervix of the mother and that the 
rare cases in adults occur, like gonorrhea, by direct transfer from the 
genitourinary tract to the eye. We have not observed the disease in 
epidemic form in swimming pools, but when this has occurred it has in 
all probability been a matter of transfer by genital secretions through 
the medium of the water to the eye. 

These epidemiologic findings indicate that the inclusion virus could 
not possibly account for the high frequency of elementary bodies in 
trachoma. Furthermore, the occurrence of inclusion blennorrhea 
appears to be spotty. So far it has never been reported among the 
Indians of Arizona and New Mexico, although there the incidence of 
cases of trachoma in which inclusion bodies have been demonstrated is 
high. In Egypt the same situation holds. No case of inclusion blennor- 
rhea has as yet been established there in spite of the high incidence of 
cases of trachoma in which inclusion bodies have been found. Of 65 
cases of trachoma in Iowa in which bacteriologic studies were made," 
secondary infection with such organisms as Diplococcus pneumoniae 
and Haemophilus influenzae was found in approximately 50 per cent. 
Considering the fact that such bacteria are widespread and _ produce 
epidemic conjunctival infections, it seems unlikely that the much higher 
incidence of elementary bodies in trachoma (up to 100 per cent in the 
early and the acute stage) could possibly be accounted for by secondary 
infection with the relatively rare virus of inclusion blennorrhea. 

This conclusion is shared by Rotth,® who has recently observed that 
inclusions cannot be demonstrated in a case of inclusion blennorrhea 
after the first few months of infection, whereas in a case of trachoma 
inclusion bodies may be demonstrated over a period of years. 


FREQUENCY OF ELEMENTARY BODIES IN TRACHOMA 


In table 2 are summarized the findings in 10 series of cases of 
trachoma in which examinations were made for inclusion bodies of 
Halberstadter and von Prowazek. In order to avoid error, only typical 
elementary body inclusions were included in the count. When one 
considers the difficulty of demonstrating the bodies due to their small 
size, to the lack of a cultural means of demonstration and to the chron- 
icity of the disease, it would seem that the frequency reported here is 
consistent with etiologic significance. The results are comparable to 
the morphologic findings in other chronic diseases, such as tuberculosis, 
in which demonstration of the agent must usually be made by animal 
inoculation or culture. The finding of the bodies in all 12 of the only 
12 cases of trachoma which were observed at the onset must be con- 


17. Thygeson, P.: Unpublished data. 
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sidered significant. It is of interest in this connection to refer to the 
recent findings of Wilson,’* who demonstrated inclusions in 100 per 
cent of a series of 39 Egyptian infants observed at the onset of the 
disease; he had found them in considerably less than 50 per cent of 
patients with old established trachoma. It is our opinion that the ele- 
mentary bodies are characteristic of active trachoma and that in any 
viven case they can be demonstrated by repeated tests. We found them 
in the form of inclusions in 31 of 32 cases of chronic trachoma in which 
it was possible to make repeated examinations. 

A good indication of the frequency of inclusions in trachomatous 
material is found in the results of the examination of the 107 Indian 
children (table 2). On the single slides examined per case there were 


TaBLe 2.—Frequency of Halberstadter-Prowazsek Inclusion Bodies in Cases 
of Trachoma 








Number Percentage 
Number Positive for Positive for 
Oo Inelusion Inclusion 
Description of Trachoma Cases Bodies Bodies 
"SURGING, SE MI 5.6 tin Sic ds sambid ange duke heaeeslinne cen 12 12 100.0 
Trachoma with acute or subacute symptoms, without 
superimposed bacterial infection..................... 9 9 100.0 
Chronie trachoma, stage Ila (repeated examinations in 
SE IN 5 s.n0 0006 cy ek eens Ga eneeee er ekasdederséeas 32 31 95.6 
Tunisian cases: stage IIb, with superimposed bacterial 
WINES coe iccha ee Dot ccna cevicwadeaaaewre:s 10 3 30.0 
Tunisian CONGR: SUREOO T DOE BiG. oniccc cc cvisvicdcccsceceece 28 11 39.3 
Routine clinie cases, University of Iowa: stages I, II 
mel EEE CoG SOCIES,, CCR TOE) oinis vince cscs ce ssicccccess 69 24 34.8 
Indian children (Arizona, New Mexico): stages I, II 
and III; all with definite activity and all under 
treatment at time of examination (single slide 
GUEIEED © hed ec dah owen ccacwt ise cbokames Ho ockee ts 107 =9 54.8 
Indian children (San Carlos, Ariz.): stages I, II and 
BEN, CR We I Io aoe asin ces die iccasscns 18 4 22.2 
Indian children (Fort Apache, Ariz.): stages I, II and 
a eee ere 25 11 44.0 
0.0 


WYONG UU EU ose Sores ost sauncecassadiew bieceeius 10 0 








no inclusions in 48 cases, only 1 inclusion in 16 cases, 2 inclusions in 
14 cases, 3 in 4 cases, 4 in 3 cases, 5 in 2 cases, 6 in 2 cases, 7 in 1 
case, 9 in 2 cases and numerous inclusions in 15 cases. In 1 of the 15 
cases, a case of acute trachoma, 277 inclusions were found on one slide. 


RELATION OF THE FREQUENCY OF THE ELEMENTARY BODIES TO 
THE DEGREE OF ACTIVITY OF THE TRACHOMA 


In the 320 cases of trachoma which have been studied morpho- 
logically there has been in general a consistent relationship between the 
number of demonstrable elementary bodies and the degree of clinical 
activity of the disease as judged by the amount of conjunctival exudate. 
Thus, of 9 cases in which free elementary bodies were found in large 


18. Wilson, R. P., in Eleventh Annual Report of the Giza Memorial Ophthalmic 
Laboratory, Cairo, Schindler’s Press, 1937, p. 117. 
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numbers, acute symptoms were present in all but 1. This was a case 
of cicatricial trachoma of ten years’ duration; there was a considerable 
amount of conjunctival secretion, but the conjunctiva was pale. In the 
cases of chronic trachoma of average duration the bodies were found 
consistently only in small numbers, and in cases of cicatricial and healed 
trachoma ‘they were generally absent. There was also a definite corre- 
lation between the site of maximum concentration of inclusion bodies 
and the site of maximum intensity of the disease. While in cases of 
active trachoma inclusions could be demonstrated in all parts of the 
conjunctiva, including the limbal conjunctiva, they were almost invari- 
ably more abundant in scrapings from the retrotarsal fold, the point of 
maximum trachomatous activity. 


OCCURRENCE OF ELEMENTARY BODIES IN CASES OF TRACHOMA 
OF LONG STANDING 


Eight cases of trachoma have been studied in which the disease was 
known to have been present for over ten years. In 1 of these the dis- 
ease was undergoing an acute exacerbation, and in spite of dense scar- 
ring inclusion bodies and free elementary bodies were found in large 
numbers. Preparations containing over 50 inclusion bodies per slide 
were observed repeatedly during the four days of study. In a second 
case in which there had been a subacute flare-up many inclusion bodies 


were also found. The condition in the remaining 6 was in the cica- 
tricial stage; inclusion bodies were demonstrated, though in small num- 
bers, in 5 of the 6 cases. It seems evident that the elementary bodies 
may persist throughout the active stage of the disease, even when it is 
prolonged. 


ELEMENTARY BODIES IN HEALED TRACHOMA 


In 10 cases of trachoma in which by all clinical criteria the lesion 
appeared to be healed, examinations were made for inclusion bodies. 
Repeated examinations of epithelial scrapings in each case failed to 
demonstrate them. 


TRANSFER OF THE TRACHOMA ELEMENTARY BODIES 


Trachomatous material containing inclusion bodies was transferred 
directly to 8 Macacus rhesus monkeys. Infection was obtained in all 
of them, though repeated inoculation was required in 5. The induced 
disease was mild and consisted of follicular hypertrophy without secre- 
tion or signs of inflammation. No free elementary bodies or inclusion 
bodies could be demonstrated with certainty in any of these animals 
even after repeated examination. 
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Trachomatous materials containing inclusion bodies were then trans- 
ferred to 3 golden baboons. A follicular disease of considerable intensity 
developed, characterized by inflammation and secretion. In 2 animals 
4 small number of characteristic inclusion bodies were demonstrable. 

In a previously reported experiment '® trachomatous material con- 
taining inclusion bodies was transferred directly to the blind eye of a 
human volunteer. After an incubation period of five days, trachoma 
of subacute onset developed. There was no difficulty in demonstrating 
considerable numbers of both inclusion bodies and free elementary 
bodies in this experimental disease. 

These experiments indicate that the bodies develop in the epithelial 
cells of the new host when transferred. It is of particular interest to 
note the ease with which they were demonstrated in the human subject 
and with what difficulty in the baboons. The failure to demonstrate 
them at all in the disease of the Macacus rhesus is believed to be due to 
the extraordinarily low intensity of the experimental disease in that 
animal. 


RELATION OF THE INFECTIVITY OF CULTURES OF TRACHOMATOUS 
TISSUES TO THE PRESENCE OF THE ELEMENTARY BODIES 


The experiments of Julianelle, Harrison and Morris *° indicate that 
the virus of trachoma is not cultivable by ordinary methods of tissue 
culture. Our preliminary efforts have also given negative results. 
Repeated attempts have been made to grow the virus on the chorioallan- 
toic membrane of the developing egg and in minced chick embryo tis- 
sues, with consistently negative results. We have obtained excellent 
growths of epithelium from normal human conjunctiva, but on ten 
attempts we have been unable either to show development of inclusion 
bodies in the inoculated tissue or to demonstrate infectivity of the tissue 
for monkeys. We have also been able to obtain excellent growths of 
epithelium and fibroblasts from material obtained from 14 patients with 
cicatricial trachoma and from 12 with follicular trachoma (showing 
epithelial cell inclusions), all Indian children. There was no develop- 
ment of inclusion bodies in the new growth nor demonstrable infectiv- 
ity for monkeys. 


LOCALIZATION OF THE ELEMENTARY BODIES IN THE EPITHELIUM 


Our studies confirm the observations of other investigators that the 
localization of the elementary bodies and inclusions is strictly epithelial. 
In considering the question of the identity of the elementary bodies 


19. Thygeson, P.: Inoculation of Human Conjunctiva with Trachomatous 
Materials, Am. J. Ophth. 16:409, 1933. 

20. Julianelle, L. A.; Harrison, R. W., and Morris, M. C.: The Probable 
Nature of the Infectious Agent of Trachoma, J. Exper. Med. 65:735, 1937. 
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with the virus of trachoma it is of fundamental importance to determine 
whether or not the virus can multiply in the subepithelial tissues. In 
1934 Michail and Vancea*! reported several observations in which 
trachomatous material of proved infectivity failed to produce a disease 
when inoculation was made through the skin of the lids without touch- 
ing in any way the conjunctival epithelium. We have repeated this 
experiment with 6 baboons. In the first 2 a suspension of epithelial 
scrapings from a patient with trachoma which showed abundant inclu- 
sions was placed beneath the epithelium of the upper fornix by infection 
through the skin of the upper lid. A control test was made on a third 
baboon by simple deposition of the material on the conjunctiva followed 
by light friction. Lesions typical of experimental trachoma developed 
in the control animal, but the 2 baboons inoculated subepithelially were 
unaffected. Six weeks later susceptibility to trachoma was demonstrated 
for these 2 animals by inoculation of trachomatous material directly into 
the conjunctiva. Typical lesions developed after the usual incubation 
period of about eight days. 

The fourth baboon was inoculated in the right eye by subepithelial 
injection of trachomatous material through the skin of the upper lid 
and in the left eye by inoculation directly on the conjunctiva. A typical 
experimental trachoma developed in the left eye after the usual incuba- 
tion period; the right eye was unaffected. When this animal was 
examined five weeks after inoculation, however, both eyes were found 
to be involved. The infection of the right eye was probably the result 
of transfer from the left, but slow development of the lesion from the 
inoculation cannot be eliminated as a possibility. 

In a fifth baboon similarly inoculated trachoma failed to develop, 
although the same material proved infectious for a sixth baboon by 
direct conjunctival inoculation. 

These experiments are of fundamental importance and must be 
extended. All the evidence so far assembled points to the epithelium 
as the susceptible tissue. 


EFFECT OF ANTITRACHOMATOUS THERAPY ON THE ELEMENTARY BODY 


It is difficult to demonstrate the elementary bodies in patients with 
trachoma who have had daily treatment over long periods. Thus, at the 
Theodore Roosevelt Trachoma School, Fort Apache, Ariz., inclusions 
were demonstrated on a single slide of trachomatous material from only 
7 of 151 children who had been receiving the usual types of treatment 
for seven months or longer. 


21. Michail, D., and Vancea, P.: Some Experimental Facts in Trachoma, 
Rev. internat. du trachome 9:33, 1932. 
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The recent observation of Loe *? that sulfanilamide has a rapid 
}eneficial action in cases of trachoma led us, with W. G. Forster, to 
study the effect of the drug on the elementary bodies of trachoma. 
\ccordingly, 10 Indian children with trachoma in the early stage were 
treated with average doses of the drug. Elementary bodies, in the form 
of epithelial cell inclusions, were demonstrated with relative ease in 
all the subjects prior to the onset of treatment. After fifteen days of 
treatment scrapings showed no inclusions. Examinations on the twenty- 
first and twenty-eighth days likewise gave negative results. Two 
untreated children with demonstrable inclusions, used as controls, still 
showed abundant inclusion bodies during the test period. These experi- 
ments will be reported in detail in a subsequent communication. 


COMMENT 


It is now generally recognized that the elementary bodies found in 
such virus diseases as vaccinia, fowlpox, molluscum contagiosum and 
psittacosis are parasitic in nature and constitute the agents of disease. 
selief that the elementary body of trachoma represents the morphologic 
unit of the virus of trachoma rests, in our opinion, principally on the 
following findings: (1) the identity in morphologic structure and stain- 
ing reactions of the bodies of trachoma with the similar bodies of 
inclusion blennorrhea and psittacosis, established virus diseases; (2) 
the presence of the elementary bodies in the lesions of trachoma with 
sufficient constancy to indicate etiologic significance; (3) the presence 
of elementary bodies in an infective filtrate; (4) their multiplication in 
new hosts (man and baboon) when transferred directly or after filtra- 
tion, and (5) their persistence in the lesions of trachoma throughout 
the period of activity of the disease. 

The elementary body of trachoma has, in our opinion, the essential 
properties (filtrability, inclusion body formation and cytotropism) of 
a virus and should be classified, for the present at least, as a filtrable 
virus. It does, however, differ from the typical virus elementary body 
(such as that of vaccinia) in the ease with which it stains with Giemsa’s 
stain and similar dyes and in its regular morphologic variation (ele- 
mentary body, initial body). In these respects it resembles Rickettsiae, 
particularly Rickettsia ruminantium of Heartwater.** 


22. Loe, F.: Sulfanilamide Treatment of Trachoma: Preliminary Report, to 
be published. 

23. Jackson, C.: The Microscopic Diagnosis of Heartwater, in Seventeenth 
Report of the Director of Veterinary Services and Animal Industry, Union of 
South Africa, August 1931, p. 161. 
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CONCLUSIONS 


A series of studies on the etiology of trachoma are summarized and 
lead to the following conclusions concerning the agent: (1) that it is 
filtrable under certain conditions; (2) that it has the characteristics of 
a virus (filtrability, inclusion body formation and noncultivability on 
nonliving mediums), and (3) that it is identical with the elementary 
body of Halberstadter and Prowazek. 

The virus of trachoma, with the viruses of inclusion blennorrhea 
and psittacosis, appear to form a group transitional between Rickettsiae 
and the typical viruses. 


ABSTRACT OF DISCUSSION 


Dr. Epwin WILLIAM SCHULTZ, Stanford University, Calif.: Inves- 
tigations during recent years have definitely established that from the 
standpoint of size the filter-passing viruses range from easily visible 
bodies down to bodies measuring about 10 millimicrons, which is about 
twenty times as small as the smallest body one can see with an ordinary 
microscope. Of the differences found to exist between parasitic 
bacteria and the so-called virus group, size is probably the least impor- 
tant. A much more important difference is the marked cytotropism 
which characterizes the virus group and the absolute dependence of this 
group of agents on living tissue cells of one kind or another. The high 
cell specificity of viruses, their intracellular relationship and especially 
their absolute dependence on living cells has evoked considerable specu- 
lation as to the exact nature of these agents. It is not clear yet whether 
all the infectious agents classed under the heading of viruses are funda- 
mentally related to each other or whether quite unrelated agents are 
included; but whatever the nature of some of these agents may be, it 
seems certain that some of the larger ones are organismal, at least in 
outward appearance. Among these are the viruses responsible for pox 
diseases in animals, molluscum contagiosum, infective ectromelia of mice 
and psittacosis. It is now established by ultrafiltration and by ultra- 
centrifugation as well as by morphologic studies that the so-called ele- 
mentary bodies of these virus diseases constitute the infective agents. To 
this group of larger viruses evidently belongs the causal agent of tra- 
choma. 

The difficulties experienced in demonstrating the filtrable nature of 
the virus of trachoma harmonize with the earlier experiences with some 
of the other larger filtrable viruses, especially with relation to the use of 
filter candles. These difficulties have been largely surmounted by the 
use of collodion filters. The fact that Dr. Thygeson and Dr. Richards 
obtained positive results when they used such membranes is, therefore, 
in harmony with experience with certain viruses. The results of these 
filtration studies lend cofsiderable support to the view expressed earlier 
by several investigators that the minute so-called elementary bodies which 
may be found in trachomatous material constitute the actual agent of 
this disease. It is of considerable interest that Dr. Thygeson and 
Dr. Richards have found that these bodies in their staining reactions 
resemble Rickettsia somewhat more than the elementary bodies of vac- 
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cinia and molluscum contagiosum, which, together with the presence of 
coccobacillary initial bodies, suggests a relation to Rickettsia. This obser- 
vation helps to tie together more closely the Rickettsia group and other 
filtrable viruses. 


Dr. Thygeson and Dr. Richards have made an important contribu- 
tion to the etiology of this disease. 


Dr. Harry S. Grape, Chicago: It would be more than presump- 
tuous for me to attempt to add to or detract from this excellent 
piece of investigative work. One unacquainted with the difficulties of 
animal experimentation in trachoma may have doubts as to what the 
experiments here cited actually prove and whether or not the authors 
have advanced one step further toward the fulfilment of Koch’s postu- 
lates. It would appear to me that the answer is, “The case is not yet 
proved, but enough positive evidence has been added so that a solution 
may be in sight.” 

However, there exists considerable doubt in the minds of many 
whether or not the Prowazek bodies are the cause of trachoma 
or are even connected with the cause. As far back as 1910 Herzog 
advanced the idea that these bodies are merely the broken-down débris 
of attenuated gonococci and that trachoma is an aberrant form of that 
venereal disease. That idea was not sound. But at the International 
Congress of Ophthalmology, held in Cairo in December 1937, Grueter, 
of Marburg, came to the following conclusions : 

“Inflamed trachomatous epithelial cells cannot be shown to contain 
any granular structures of a nature different from their own, whether 
in the Golgi zone, the interior reticulated body or in the cytoplasmic zone. 

“A comparison of Hersberg’s victoria blue stains with the results 
mentioned above, which were obtained with a number of my organic and 
inorganic cell toxins, in particular a comparison with epithelium condi- 
tions in trachoma, shows that the granular structures produced by many 
different technics with all cell toxins are absolutely alike. They are seen 
particularly clearly when photographed in the dark field. It will then 
be seen again and again that the granules are primarily situated in the 
nodules; i. e., as the cell inflammation progresses, the mitochondrial 
granules become particularly clear. I cannot accordingly claim that the 
various granular structures described in the literature and tested by me 
by so many different methods are foreign substances, i. e., initial struc- 
tures of a hitherto invisible disease germ in the cell. 

“T hold the same view in regard to the finding of Busacca, who claims 
to have shown rickettsias in trachomatous epithelial cells on the strength 
of examination of cells in yellow fever. I consider that these trachoma 
rickettsias are inflammatory proliferations and divisions of granula which 
normally occur in the epithelial cells.” 

With such eminent authorities as the authors and Grueter presenting 
diametrically opposed views, what is the mere clinician to think? One 
must have an open mind and accept conclusive evidence such as Dr. Thy- 
geson and Dr. Richards have presented. But until there is definite proof 
that Koch’s postulates are fulfilled in toto, it cannot be said that the 
Prowazek bodies are the proved cause of trachoma. 


Dr. Puittirs TuHyGeson, New York: We have considered the mat- 
ter of the specificity of the inclusion bodies of Halberstadter and Prowa- 
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zek in great detail and believe that on the basis of the following findings 
these bodies must be considered of specific virus nature: 1. They are 
not found in any bacterial or nonvirus type of conjunctivitis. 2. They 
contain the two components typical of all specific cytoplasmic virus inclu- 
sions, i. e., a matrix and the virus particles themselves. 3. The virus 
components of the inclusions can be recognized outside the cells in the 
form of free elementary and initial bodies. 

Koch’s postulates as applied to bacterial diseases are not applicable 
to virus diseases such as trachoma, since viruses cannot be grown in pure 
culture in the absence of living cells. In virus diseases bacteria-free 
filtrates, which so far as can be determined contain no other agents, must 
be substituted for pure cultures. These we have employed in our experi- 
ments, e. g., in the experiment in which a human volunteer was employed 
and in which the elementary bodies of trachoma were demonstrated in 
the infective filtrate. 














\N EVALUATION OF HOMATROPINE-BENZEDRINIE 
CYCLOPLEGIA 


HERBERT F. SUDRANSKI, M.D. 
INDIANAPOLIS 


Myerson and Thau ? were the first to propose that benzedrine sulfate 
might be a useful adjunct to atropine in preparation of the eyes for 
refraction. The effects of benzedrine sulfate combined with homat- 
ropine hydrobromide were investigated by Beach and McAdams,? who 
concluded that the depth of cycloplegia obtained equaled that obtained 
by the usual method of administering homatropine but was of distinctly 
shorter duration. Further study of this subject was made by Powell 
and Hyde,* who in their conclusions expressed entire agreement with 
Seach and McAdams. 

The purpose of this study was to investigate cycloplegia produced 
with homatropine and benzedrine * from the point of view of its depth 
and, further, to determine what part each drug contributes to the com- 
bined action. 

Depth of cycloplegia is a problem which cannot be approached with- 
out an accepted method for its estimation. This is provided by the 
artificial myopia test. The fundamentals of the test are as follows: 
1. The refraction of the eye under investigation has been determined. 
2. The lens correcting the ametropia is in place before the eye. 3. To 
this correction is added a plus 3.00 diopter sphere. 4. The punctum 
remotum is measured by the use of 0.50 meter test type and a centi- 
meter rule. The punctum remotum when so located falls at a point 
exactly 33 cm. from the eye when the 6 meter correction is accurate, for 
then the eye has an artificial focus at this distance; otherwise the 
punctum remotum will not occupy this position. 

There are certain inaccuracies innate in the artificial myopia test. 
The test object used is not ideal for its purpose; it intercepts an angle 
of 5 minutes at a distance of 50 cm., while at 33 cm. it makes an angle 
1. Myerson, A., and Thau, W.: Human Autonomic Pharmacology: The 
Effect of Cholinergic and Adrenergic Drugs on the Eye, Arch. Ophth. 18:78 
(July) 1937. 

2. Beach, S. J., and McAdams, W. R.: (a) Tr. Am. Ophth. Soc. 35:221, 
1937; (b) Tr. Am. Acad. Ophth. 42:179, 1937. 

3. Powell, L. S., and Hyde, M. E.: (a) J. Kansas M. Soc. 39:1 (Jan.) 
1938; (b) 39:57 (Feb.) 1938. 

4+. The benzedrine sulfate used in this’ study was furnished by the manufac- 
turers, Smith, Kline & French Laboratories, Philadelphia. 
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of 7.65 minutes. The ideal test object should be just visible to the 
normal eye at the artificial focus, where it should intercept an angle of 
5 minutes. An object of ideal size is too small to be of practical utility, 
for it has to occupy a square each side of which measures 0.475 mm, 
Consequently, the larger object must be used and the inaccuracy which 
it imposes accepted. The resultant error should cause the test object 
to be recognized at a distance farther than 33 cm. by the eye with normal 
or better visual acuity. 

The punctum remotum will also vary, depending on the letters of 
which the test word is composed. Round letters are recognized with 
relative ease, while square letters are recognized with relative difficulty. 
Since most test words will contain letters of both forms, there is a 
tendency for the neutralization of the effect of this factor on the 
punctum remotum. For this reason it may be ignored. 

Finally, there will be a variation in the location of the punctum 
remotum dependent on the mental attitude of the patient. The ven- 
turesome patient will read the test word at a greater distance than the 
cautious one. Individually, this factor is always operative, but in any 
larger number of tests it is collectively neutralized and may be ignored. 

Since all of the test’s inaccuracies except the effect of the size of 
the test type can be legitimately disregarded, the sum of them will cause 
the punctum remotum to be located at a distance greater than 33 cm. 
from the eye. It would therefore appear that with cycloplegia complete 
the punctum remotum would be located at 33 cm. or a distance greater 
than 33 cm., but never at a lesser distance. Similarly, with cycloplegia 
incomplete the action of the ciliary muscle induced by the effort to zead 
the test word would add refractive power to the eye and so cause the 
punctum remotum to be located at a distance less than 33 cm. 

This interpretation of the artificial myopia test is supported by 
experimental evidence presented by the data in table 1. In this table 
are listed data for 10 patients from 41 to 50 years of age on each of 
whom the artificial myopia test was carried out with the use of a cyclo- 
plegic and again at the postcycloplegic examination, which followed the 
former examination by not less than seven days. Three of these patients 
showed no difference in the punctum remotum. Of these 3, 1 required 
a reading addition of 2.25 diopters and 2 an addition of 2.00 diopters 
each. For 7 of the 10 patients the punctum remotum was found to be 
nearer at the postcycloplegic examination than at the cycloplegic exam- 
ination and in each instance the distance was less than 33 cm. Of these 
7 patients, 3 required no addition for reading, 1 an addition of 0.75 
diopters, 2 an addition of 1.00 diopter each and 1 an addition of 2.00 
diopters. 

These data demonstrate that when the residual accommodation 
exceeds 1 diopter the artificial myopia test will show the punctum 
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remotum to be at a distance of less than 33 cm. Since there is general 
agreement that a residual accommodation not exceeding 1 diopter con- 
stitutes cycloplegia satisfactory for accurate refraction and since the 
artificial myopia test indicates exactly when this condition obtains, this 
test must be considered a clinically satisfactory measurement of the depth 
of cycloplegia. 


A CLINICAL STUDY OF HOMATROPINE-BENZEDRINE CYCLOPLEGIA 


Refraction was done for 25 private patients ranging in age from 18 
to 57 years (average 32.6 years) one hour after the administration of 1 
or 2 tablets containing 449 grain (0.0013 Gm.) each of homatropine 


TABLE 1—Results of the Artificial Myopia Tcst on Ten Patients 
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* Add. refers to reading addition which is presented as indicative of the total accommo- 
dative ability of the patient; PR-H, to the punctum remotum measured in centimeters in 
the course of the artificial myopia test after refraction with homatropine hydrobromide 
cycloplegia, and PR-P, to the punctum remotum measured in centimeters in the course of 
the artificial myopia test at the postcycloplegic examination. All puncta remota are measured 
by Wells test type I (approximately 0.50 meter test type). The difference shows the number 
of centimeters by which the PR-H exceeds the PR -P. 


hydrobromide and cocaine hydrochloride. In each instance completion 
of the refraction was followed by the artificial myopia test. The range 
in the puncta remota for both right and left eyes was from 33 to 40 cm. 
The average punctum remotum for the right eyes was 35.38 cm., and 
that for the left eyes was 35.42 cm. The difference between these 
average values was 0.04 cm. 

Refraction was done with homatropine-benzedrine cycloplegia for 
25 private patients ranging in age from 19 to 54 years (average, 33.9 
years). The technic used was as follows: 

(1) Conjunctival anesthetization by means of 2 drops of a 2 per cent solution 
of butyn. 


(2) Instillation of 1 drop of a 5 per cent solution of homatropine hydro- 
bromide, 
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(3) Instillation after from two to three minutes of 1 drop of a 1 per cent 
solution of benzedrine sulfate. 


(4) Compression of the canaliculi for not less than one minute after each 
instillation. 


(5) Refraction forty minutes after the last instillation. 


In each instance completion of the refraction was followed by the 
artificial myopia test. The range in the puncta remota for both right 
and left eyes was from 33 to 38 cm. The average punctum remotum 
for both right and left eyes was 34.48 cm. 

Refraction was done for 25 private patients ranging in age from 18 
to 52 years (average 28.8 years) after the administration in one eye of 
homatropine and in the other eye of homatropine and benzedrine. The 
technic follows: 

A. Administration of homatropine 

(1) Conjunctival anesthetization by means of 2 drops of a 2 per cent 
solution of butyn 


(2) Instillation of 1 drop of a 5 per cent solution of homatropine hydro- 
bromide at seven and one-half minute intervals 
(a) A total of 4 drops for patients up to 40 years of age 
(b) A total of 3 drops for patients from 40 to 50 years of age 
(c) A total of 2 drops for patients from 50 to 60 years of age 


(3) Compression of the canaliculi for not less than one minute after each 
instillation 


(4) Refraction forty minutes after the last instillation 
B. Administration of homatropine and benzedrine 


(1) Conjunctival anesthetization by means of 2 drops of a 2 per cent 
solution of butyn 


(2) Instillation of 1 drop of a 5 per cent solution of homatropine 
hydrobromine 


(3) Instillation after two to three minutes of 1 drop of a 1 per cent 
solution of benzedrine sulfate 


(4) Compression of the canaliculi for not less than one minute after each 
instillation 


(5) Refraction forty minutes after the last instillation 


In each instance completion of the refracation was followed by the 
artificial myopia test. Homatropine was used in 12 right eyes and 13 
left eyes ; homatropine and benzedrine, in 13 right eyes and 12 left eyes. 
The puncta remota ranged from 33 to 40 cm. for the eyes treated with 
homatropine and from 30 to 40 cm. for the eyes treated with homat- 
ropine and benzedrine. The average punctum remotum for the former 
was 35.42 cm. and for the latter, 35.29 cm. The difference between 
these values was 0.13 cm. It was observed that the pupillary diameters 
were greater in the eyes treated with homatropine and benzedrine than 
in those treated with the homatropine. 
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The eyes under homatropine cycloplegia (tablets) had an average 
punctum remotum with the artificial myopia test of 35.40 cm. The 
eyes under homatropine-benzedrine cycloplegia had an average punctum 
remotum of 34.48 cm. with the artificial myopia test. The punctum 
remotum of eyes under homatropine-benzedrine cycloplegia was, on an 
average, 0.92 cm. shorter than that of eyes under homatropine cyclo- 
plegia alone. However, since two different groups of subjects are con- 
sidered, there is great likelihood that this difference is in great part 
accidental. Such accidental factors should be vastly reduced in number 
in the control group in which the two methods were used, one on each 
eye of the same person. This group had an average punctum remotum 
with homatropine-benzedrine cycloplegia which was nearer than that 
with homatropine cycloplegia by 0.13 cm. However, the right and the 
left eyes under homatropine cycloplegia showed a difference in the 
average punctum remotum of 0.04 cm. This suggests that even with 
the usual homatropine hydrobromide cycloplegia there is some variation 
in the punctum remotum with the artificial myopia test. With correc- 
tion for this variation, it would appear that the eyes of the control 
group treated with homatropine and benzedrine had an average punctum 
remotum which was nearer than that for the eyes treated with homat- 
ropine hydrobromide by only 0.09 cm. 

Further, it can be seen that all three clinical groups showed average 
puncta remota with the artificial myopia test which were well in excess 
of 33 em. Therefore, it can be concluded that residual accommodation 
in all subjects was no greater than 1 diopter. Because residual accom- 
modation in no patient exceeded 1 diopter, all patients may be said to 
have had cycloplegia satisfactory for refraction. There was, however, 
in the control group of patients a slight difference in the depth of 
cycloplegia in the eyes treated with homatropine and benzedrine as com- 
pared to that in those treated with homatropine. This difference is 
represented by a difference in the average punctum remotum of 0.09 cm. 
which can at most indicate only a fraction of a diopter. It is there- 
fore concluded that cycloplegia with homatropine and benzedrine is satis- 
factory for refraction and is only slightly less profound than cycloplegia 
produced by the usual technics of administering homatropine. 


EXPERIMENTAL INVESTIGATION OF THE CYCLOPLEGIC EFFECT 
OF HOMATROPINE HYDROBROMIDE AND BENZEDRINE 
SULFATE 


The purpose of the experimental procedures which were carried out 
on 15 patients at the clinic of the Indianapolis City Hospital was to 
(letermine the exact cycloplegic effect of a 5 per cent solution of homatro- 
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pine hydrobromide and a 1 per cent solution of benzedrine sulfate when 
used separately. An outline of the experiment follows: 


(1) Refraction with homatropine cycloplegia 
(a) Instillation of 1 drop of a 2 per cent solution of homatropine hydro- 
bromide in each eye every ten minutes for six instillations 
(b) Artificial myopia test after refraction with homatropine cycloplegia 


(2) Examination not less than one week after refraction with homatropine 
cycloplegia 
(a) Determination of the visual acuity through a 3 mm. pinhole 
(b) Measurement of the puncta proxima 


(c) Anesthetization of the conjunctiva with 2 drops of a 2 per cent 
solution of butyn 


(d) Instillation of the experimental drugs followed by compression of 
the canaliculi for not less than one minute 


(1) Instillation of 1 drop of a 5 per cent solution of homatropine 
hydrobromide in the right eye 


(2) Instillation of 1 drop of a 1 per cent solution of benzedrine 
sulfate in the left eye 
(e) At fifteen and at thirty minutes after instillation of the drugs 
(1) Determination of visual acuity through a 3 mm. pinhole 
(2) Measurement of the puncta proxima 
(f) At forty minutes after instillation of the drugs 
(1) Measurement of the pupillary diameters 
(2) Refraction 
.(3) Artificial myopia test 


The experimental data are recorded in their entirety in table 2. The 
visual acuity was taken in all instances through the 3 mm. pinhole in 
order to exclude the influence of a variable pupillary area. Examination 
of the 15 right eyes fifteen minutes after the instillation of homatropine 
hydrobromide showed no significant change in the visual acuity of 14 
of the eyes and a diminution in that of 1 eye. Examination of these 
eyes thirty minutes after the instillation of the drug showed no signifi- 
cant change in 8 eyes and a diminution of the visual acuity in 7. Exam- 
ination of the left eyes fifteen minutes after the instillation of benzedrine 
sulfate showed no significant change in the visual acuity of 14 of the eyes 
and a diminution in the visual acuity of 1 eye. Thirty minutes after 
the instillation of the drug examination showed no significant change 
in the visual acuity of 12 eyes, diminished visual acuity in 1 eye and 
increased visual acuity in 2 eyes. 


The accommodative power of all eyes at each stage of the experi- 
ment, expressed in diopters, is shown in table 3, the data for which were 
computed from table 2. Examination of the right eyes fifteen minutes 
after the instillation of homatropine hydrobromide showed no change 
in the accommodative power of 3 eyes, a decrease in that of 11 eyes 
and an increase in that of 1 eye. Thirty minutes after the instillation 
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of the drug, only 2 eyes showed no change in the accommodative power, 
while 13 showed a decrease. Examination of the left eyes both fifteen 
and thirty minutes after the instillation of benzedrine sulfate showed 
no change in the accommodative power of 13 eyes, a decrease in that of 
1 eye and an increase in that of 1 eye. 


The pupillary diameters of 14 of the 15 patients were measured 
forty minutes after the administration of the experimental drugs and 





TABLE 3.—Accommodative Power of All Eyes, Expressed in Diopters* 











Preceding 15 Minutes After 30 Minutes After 
Administration Administration Administration 


Eye of Drugs of Drugs of Drugs 
O. D. 6.66 5.55 3.00 
oO. 8. 5.00 5.00 5.00 
oO. D. 4.00 0.00 0.00 
O. 8. 4.00 4.00 4.00 
O. D. 3.33 0.00 0.00 
oO. 8, 3.38 3.33 3.33 
O. D. 2.63 3.00 0.00 
O. 8. 2.63 3.50 5.00 
oO. D. 6.66 5.55 4.35 
O. 8. 6.66 6.66 6.66 
O. D. 5.00 0.00 0.00 
oO. 8. 5.00 4.24 4.24 
©. D. 6.66 6.66 6.66 
O. 8. 6.66 6.66 6.66 
f O. D. 5.55 3.50 0.00 
oO. 8. 5.55 5.50 5.55 
O. D. 5.00 0.00 0.00 
oO. 8. 5.55 5.55 5.55 
O. D. 5.00 4.54 0.00 
oO. 8. 5.55 5.55 5.55 
oO. D. 10.00 7.69 4.24 
O. 8. 10.00 10.00 10.00 
O. D. 3.00 0.00 0.00 
O. 8S. 3.50 3.50 3.00 
oO. D. 7.69 5.55 5.00 
oO. 8. 6.66 6.66 6.66 
O. D. 4.54 4.54 4.54 
oO. 8. 4.54 4.54 4.54 
oO. D. 10.00 10.00 6.66 
oO. 8. 10.00 10.00 10.00 











* The accommodative powers have been computed from the puncta proxima recorded in 
table 2. When the punctum proximum recorded in table 2 had receded beyond 40 cm. with 
the same test type, the accommodation was recorded here as zero. 





just prior to refraction. The diameters of the pupils of the eyes treated 
with homatropine were equal to those of the eyes treated with benzedrine 
in 3 instances. The pupillary diameters of the eyes treated with 
homatropine were greater than those of the eyes treated with benzedrine 
in 11 instances. In no instance was the pupillary diameter of an eye 
treated with benzedrine larger than that of an eye treated with homatro- 
pine. The average increase in the pupillary diameter of the eyes 
treated with homatropine over those of the eves treated with benzedrine 
was 1.71 mm. 
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In table 4 are compared the results of refraction with the usual 
homatropine hydrobromide cycloplegia with the results of refraction 
with cycloplegia produced by 1 drop of a 5 per cent solution of homatro- 
pine hydrobromide and 1 drop of a 1 per cent solution of benzedrine 
sulfate. The data are computed from those recorded in table 2. Of the 
eyes treated with homatropine, 7 showed no decrease in the hyperopia 
uncovered in the greater meridian, while the remaining 8 showed a 
decrease ranging from 0.12 to 0.75 diopters. The average loss in 
hyperopia uncovered in the greater meridian was 0.19 diopters. The 
efficiency of refraction with cyloplegia produced with a 5 per cent solu- 


TABLE 4.—Results of Refraction with Two Types of Cycloplegia* 








Diopters Loss of Hyperopia Cylinder Axis Deviation Difference in PR, Cm. 
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* All data in this table were computed from those in table 2. The decrease in hyperopia 
was computed by subtracting the hyperopia in the greater meridian uncovered by refraction 
with cycloplegia produced with a 5 per cent solution of homatropine hydrobromide or with a 
1 per cent solution of benzedrine sulfate from that uncovered in the greater meridian by 
refraction with the usual homatropine hydrobromide cycloplegia. The cylinder axis deviation 
shows the deviation in degrees of the cylinder axis found by refraction with cycloplegia pro- 
duced with a 5 per cent solution of homatropine hydrobromide or with a 1 per cent solution of 
benzedrine sulfate from the axis determined by refraction with the usual homatropine hydro- 
bromide cycloplegia. The difference in the punctum remotum shows the number of centimeters’ 
by which the punctum remotum measured with the artificial myopia test after refraction 
under the usual homatropine hydrobromide cycloplegia exceeded that found by refraction with 
cycloplegia produced with a 5 per cent solution of homatropine hydrobromide and with a 
1 per cent solution of benzedrine sulfate. 


tion of homatropine hydrobromide as compared with that of refraction 
with the usual homatropine hydrobromide cycloplegia was 90 per cent. 
All eyes treated with benzedrine sulfate showed a decrease in the 
hyperopia uncovered in the greater meridian. The decrease ranged 
from 0.50 to 2.00 diopters, and the average loss was 0.94 diopters. The 
efficiency of refraction with cycloplegia produced with a 1 per cent 
solution of benzedrine sulfate as compared with that of refraction with 
the usual homatropine hydrobromide cycloplegia was 46 per cent. 
Investigation of the change in cylinder axis showed that with a 5 
per cent solution of homatropine hydrobromide the axis for each of 
10 patients was found where it was previously located by refraction 
with the usual homatropine hydrobromide cycloplegia. Six of these 
10 patients showed no change in the cylinder axis. Four showed a 
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change of from 7 to 30 degrees. The average deviation in axis for the 
4 patients was 14.75 degrees. With refraction with cycloplegia produced 
with a 1 per cent solution of benzedrine sulfate the axis for 7 of 8 
patients was found where it was previously located by refraction with 
the usual homatropine hydrobromide cycloplegia. Four of the patients 
showed no change in the cylinder axis. Three showed a change in axis 
ranging from 8 to 90 degrees, with an average of 60 degrees. 

Comparison of the punctum remotum shown by the artificial myopia 
test at the time of refraction with the usual homatropine hydrobromide 
cycloplegia with that found at refraction with cycloplegia produced by 
a 5 per cent solution of homatropine hydrobromide revealed no change 
in the position of the punctum remotum for 10 of the 15 patients. For 
the 5 remaining patients the punctum remotum was decreased. The 
range of decrease was from 1 to 8cm. The average decrease for these 
5 patients was 3.40 cm. Comparison of the punctum remotum shown 
by the artificial myopia test at the time of refraction with the usual 
homatropine hydrobromide cycloplegia with that found at refraction 
with cycloplegia produced by a 1 per cent solution of benzedrine sulfate 
showed a decrease of the punctum remotum for all of the 15 patients. 
The decrease ranged from 2 to 15 cm. The average decrease for the 
15 patients was 7.73 cm. 

These data lead to certain conclusions concerning the two drugs 
under investigation. First to be considered will be the 5 per cent solu- 
tion of homatropine hydrobromide. 


1. Homatropine hydrobromide in 5 per cent solution is an effective 
cycloplegic, for it decreases the visual acuity, definitely diminishes the 
accommodative power and provides cycloplegia of such depth as to 
uncover 90 per cent of the hyperopia in the greater meridian, reveal the 
correct cylinder axis and leave the eye with little residual accommoda- 
tion, as evidenced by the artificial myopia test. 


2. As a mydriatic, a 5 per cent solution of homatropine hydrobromide 
has, forty minutes after instillation, a greater effectiveness than a 1 per 
cent solution of benzedrine sulfate, for 11 of 14 patients showed a 
greater pupillary diameter in the eye treated with homatropine hydro- 
bromide, and in no instance was the pupillary diameter of the eye treated 
with the benzedrine sulfate greater than that of the eye treated with 
homatropine hydrobromide. 

Second to be considered are conclusions concerning a 1 per cent 
solution of benzedrine sulfate. 


1. The 1 per cent solution of benzedrine sulfate has no cycloplegic 
effect whatever, for it does not diminish the visual acuity nor does it 
decrease the accommodative power; under its influence refraction is 
utterly unreliable, as it uncovers only 46 per cent of the hyperopia in 
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the greater meridian, shows marked variation in the cylinder axis which 
it reveals and leaves the eye with a residual accommodation of high 
degree, as demonstrated by the artificial myopia test. 


2. As a mydriatic, a 1 per cent solution of benzedrine sulfate has, 
forty minutes after instillation, a lesser power than a 5 per cent solution 
of homatropine hydrobromide, for the pupillary diameters of 11 patients 
were less with the use of the former than with the use of the latter; 3 
patients had equal pupillary diameters, and in none was the pupillary 
diameter of the eye treated with benzedrine greater than that of the eye 
treated with homatropine. 

Last to be considered are conclusions concerning the combined use 
of a 5 per cent solution of homatropine hydrobromide and a 1 per cent 
solution of benzedrine sulfate to produce cycloplegia: 


1. These drugs have no synergistic action as regards the production 
of cycloplegia. It has been shown that a 5 per cent solution of homatro- 
pine hydrobromide is sufficient to produce satisfactory cycloplegia for 
routine refraction, while a 1 per cent solution of benzedrine sulfate has 
been shown to have no cycloplegic effect whatever. Accordingly, it 
cannot be expected that a noncycloplegic drug can, by addition, augment 
the effect of a true cycloplegic. Moreover, the depth of the cycloplegia 
obtained with this combination of drugs is not necessarily the result of 
the combination. Indeed, this may be most doubtful when it is known 
that the cycloplegic element of the combination is by itself able to pro- 
duce the depth of cycloplegia observed. 


2. A synergistic relation between these two drugs does exist to pro- 
duce mydriasis. A 5 per cent solution of homatropine hydrobromide has 
been demonstrated to be a potent mydriatic. A 1 per cent solution of 
benzedrine sulfate has been shown to be a less active mydriatic. Hence, 
these two drugs combined might reasonably be expected to produce 
greater mydriasis than either alone. Indeed, this synergy in mydriatic 
effect has been observed in the course of refraction with homatropine- 
benzedrine cycloplegia. 


3. Previous workers, judged wholly by their published reports, have 
been in error in their belief in a synergistic action of homatropine and 
benzedrine to produce cycloplegia. This belief has no basis in experi- 
mental observation. These authors noted the synergistic effects of these 
drugs to produce mydriasis; they observed correctly that cycloplegia 
under their influence was. profound and of short duration and enabled 
satisfactory refraction to be performed; so they came to the erroneous 
conclusion that these drugs used in combination acted in a synergistic 
fashion to produce cycloplegia. This conclusion is false, because it was 
arrived at without consideration of the fact that the homatropine con- 
stituent alone suffices to produce the observed depth of cycloplegia. 
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4. The use of a 5 per cent solution of homatropine hydrobromide 
and a 1 per cent solution of benzedrine sulfate in combination to produce 
cycloplegia for refraction has been an asset to the art of refraction and 
a great convenience to the patient. By the use of this drug combination, 
it has been demonstrated that cycloplegia satisfactory for refraction is 
possible of attainment with the use of a greatly reduced dose of homatro- 
pine. The use of this smaller dose has resulted in much more rapid 
recovery from cycloplegia. Rapid recovery follows the administration of 
a dose of homatropine which is just sufficient in amount to give after 
forty minutes a concentration in the ciliary muscle which merely suffices 
to produce complete cycloplegia. Since recovery from cycloplegic effect 
does not involve the elimination of any excess of drug, it is correspond- 
ingly rapid. A number of private patients have reported recovery from 
homatropine-benzedrine cycloplegia in from five to eight hours. 

In conclusion, it may be emphasized that the use of a 5 per cent 
solution of homatropine hydrobromide combined with a 1 per cent solu- 
tion of benzedrine sulfate for the production of cycloplegia in refraction 
can be recommended: (1) because of the complete cycloplegia induced 
by 1 drop of a 5 per cent solution of homatropine hydrobromide, 
(2) because of the increased diameter of the pupil, which is dependent 
on the synergistic action between the two drugs to produce mydriasis, 
and which is an aid in the performance of retinoscopic examination, and 


(3) because of the short (five to eight hour) duration of the cycloplegia 
developed by such a minute dose of homatropine. 


522 Hume-Mansur Building. 





A CATARACT OPERATION TO REDUCE THE _ INCI- 
DENCE OF PROLAPSE OF THE IRIS 


FRANK C. PARKER, M.D. 
NORRISTOWN, PA. 


Of the many pitfalls confronting one in the performance of opera- 
tions for cataract, I dare say none gives more concern, especially in 
the simple extraction of cataract, than does prolapse of the iris. <A 
prolapsed iris may be simply an annoyance, or it may be a grave source 
of danger to the well-being of the eye. Delayed healing of the wound, 
inflammatory reactions, keratitis, a kinked cornea with resultant haze 
and even sympathetic involvement of the other eye all seem to be lurking 
about to make the lot of the ophthalmic surgeon a not too happy one. 


Every one at some time has the urge to try something foreign to 
his everyday methods, and while in such a mood about seven years ago 
I decided to perform some simple extractions, having in mind mental 
pictures of this procedure as done by my former chiefs, Drs. Fisher, 
3erens, Schwenk, Risley, Harlan, Oliver, Thomson, Ziegler and others, 
during my term of internship at the Wills Hospital thirty-eight years 
ago. All these operators had their bad moments at some time or other, 
but much excellent work was done in those days with simple extraction 
of cataract. No conjunctival flaps were employed. The incision was 
made through a clear cornea, the knife coming out from 1.5 to 2 mm. 
below the upper limbus. This permitted an easier exit for the catar- 
actous lens, but a longer time was required for healing, with the result 
that an empty anterior chamber with leakage of the aqueous was 
accepted as a matter of course. However, the end results compared 
favorably with those of the complicated technics used by so many opera- 
tors today, employing hemstitching and large, bloody conjunctival flaps. 

My opinion is that there is a tendency today to make operations for 


cataract more and more complicated instead of endeavoring to simplify 
them. 


To return from this little digression, too many prolapses occurred 
during my season of simple extractions, and the procedure I was using 
was abandoned. However, when I was conning my results at a later 
date, the thought arose that there must be some potential cause for these 
prolapses and that possibly some of them could be blamed directly on 


Read by invitation before the College of Physicians of Philadelphia, Section 
on Ophthalmology, April 21, 1938. 
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the operative method or technic rather than on unforeseen circum- 
stances. It is known that a restless patient always favors prolapse iof 
the iris, but it is also known that some of the best behaved patients 
are the subject of this unfortunate occurrence. 

In recalling some of these annoying prolapses, I was impressed 
by the fact that so many occurred up and in at about 11 o'clock in the 
left eye and up and in at approximately 1 o’clock in the right eye. All 
the prolapses did not occur here, but the great majority did. Why 
did not these prolapses take place directly above, as one would expect? 
Why did there seem to be a tendency for the majority of them to 
occur, or at least to start, approximately at the same spot? It certainly 
appeared to indicate that something was being done to favor this occur- 











L 





Fig. 1—Counterpuncture has been performed, and the knife is being thrust 
upward and outward, dragging and stretching the cornea and iris peripherally. 
Tissues are being stretched in line from A to B, that is, between the point of 
fixation and the cutting edge of the knife. 


rence at the time of operation. As a consequence, whenever an extrac- 
tion was done an effort was made to determine just what was going on. 
However, a study of some motion picture films of cataract extraction 
which could be stopped at desired intervals for a still picture seemed 
to reveal a reason for the tendency of the iris to prolapse. There 
appeared to be little doubt but that the manner of making the incision 
plus possibly the use of a none too sharp knife had much to do with 
the resulting prolapse. 

The customary incision is made by thrusting the knife through the 
corneal limbus, crossing the anterior chamber and then making the 
counterpuncture. Immediately afterward the point end of the knife 
is carried upward as it is pushed through, completing a sizable cut. As 
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the knife is withdrawn, the heel is raised, completing another cut at 
the opposite limbus. This is repeated until the section is finished. More 
sweeps are made before the knife finally emerges through the cornea 
above, depending on the operator and the sharpness of the knife. If 
one views the motion picture film and stops it at the proper place during 
projection, it will be found that the cornea while being cut after the 
counterpuncture is pulled and stretched into an oval shape, with the 
long axis of the oval at approximately 115 degrees as the knife is pushed 
along and at about 70 degrees as it is being withdrawn. The duller 
the knife, the more pronounced is this stretching. 

One cannot help but deduct that there must be a severe stretch and 
pull on the cornea, and, in my opinion, on the associated structures as 
well, namely, the iris tissue and the base of the iris. It is difficult to 














Fig. 2—The knife is being withdrawn, causing stretching between B and C. 


imagine the cornea’s being distorted at the limbus without some accom- 
panying associated condition in the iris as well. When one considers 
that the eyeball is held by means of a fixation forceps below the lower 
limbus and that a strong pull is being exerted against this fixation by 
the engaged knife, there must, of necessity, be some stretching or 
tendency to stretching of the cornea and base of the iris while the 
section is being completed. The force of the cutting is upward and 
outward from the pupillary center as the knife is pushed through and 
pulled back. The structures are being stretched peripherally. The 
base of the iris as well as the iris is being dragged outward as well as 
upward and no doubt is weakened sufficiently in some cases, especially 
when low tonicity is present, to allow the iris to drift out through the 
open wound after it is bandaged if it does not emerge before. What 
better condition could one ask for to favor prolapse of the iris? This, 
to my mind, is one of the main reasons for its occurrence. 
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My opinions, of course, are theoretic, but one may easily visualize 
what occurs when one sees a thoroughly, ovally distorted cornea during 
cataract extraction, with the fixation forceps pulling one way and the 
cataract knife opposing this traction, while between lie the stretched-out 
cornea and iris. 

One must not lose sight of the fact that as the cataractous lens 
emerges through the pupil, during a simple extraction, a certain amount 
of stretching of the iris tissues must of necessity take place, just as 
the perineum gives to permit passage of the head. This qnust cause 
more or less weakening of the contractile powers of the iris tissue, 
thereby favoring prolapse. The greater the tone of the iris, the less 
the chance of prolapse. 

I have tried peripheral iridotomy and iridectomy but found these 
not to be the answer in preventing prolapse, although the push from 

















Fig. 3.—Counterpuncture is being made, and the heel of the knife is raised in 
cutting. The tissues are pushed inward. There is compression of the tissues 
between F and D. No stretching occurs below the knife. (Compare this technic 
with that shown in figure 1.) 


the aqueous beneath must be lessened thereby. If the iris structure has 
been distended and distorted and has lost tone, my opinion is that it 
would require more than a peripheral iridectomy to keep this pupillary 
contour intact. 

The diminishing of the contractile tone of the iris fibers is directly 
affected by the passage of the lens through the pupil and also by opera- 
tive traumatism in making the section. It is manifestly impossible to 
do away with the stretching caused by the passage of the lens during 
simple extraction, but it is possible to reduce the resulting traumatism 
from a forced incision which drags the tissues outward at each push 
or pull of the cataract knife. 
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(One must not ignore the previously mentioned excess drag caused 
by a dull knife, and any manner of incising a cornea must produce more 
traumatism and damage to the structures involved when a dull knife 
is used. 

As to drugs, physostigmine salicylate may be instilled immediately 
after extraction, but beneficial action from its use cannot be depended 
on. However, there is no harm in giving it the benefit of the doubt. 
A favorite method of Dr. Risley was to instill both atropine sulfate 
and physostigmine salicylate on completion of a simple extraction, in 
the hope of obtaining a contractile action from the latter drug and later 
a dilative action from the atropine. 

Working on the observations as previously expressed, I had the 
idea that possibly some of the traumatism to the iris during the section 
might be lessened. I think this has been accomplished in a measure 














Fig. 4.—The knife is being pulled back, with the point end raised. Tissues are 
drawn inward. There is compression between E and D. No drag occurs below 
the knife. * 


by making the section in reverse of the conventional manner and by 
changing the manner of fixation with the forceps. 

To eliminate as much as possible the opposing pull between forceps 
and knife, the fixation is made about 5 mm. above the upper limbus, the 
wide-jawed Luer forceps being used. The patient is asked to look 
down, and a deep bite is made down to the resistant sclera. With the 
eyeball fixed in this manner, any cutting that is subsequently done 
results in pushing or compressing the intervening tissues rather than 
in stretching them into a state of paresis, as partly occurs when fixation 
is made below the lower limbus. As the knife goes upward, the force is 
made against the point of fixation and not in opposition to it. This is one 
point. Now to reduce the peripheral stretching of the tissues as the 
incision is made. 
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This is partly accomplished by reversing the manner of making the 
incision. After the puncture is made in the regular way, in the same 
manner that counterpuncture is made, the point of the knife is carried 
through instead of being pushed upward and inward toward the nose 
(in case of the left eye), as in the customary manner, and at the same 
time the heel of the knife is raised, a cut being made upward through 
the limbus with the force directed inward toward the pupillary area, 
When the knife is being withdrawn, the point end is raised, and the 
cut is also made upward, the force still being toward the pupillary 
center. The succeeding sweeps are made in the same way, completing 
the section. In this manner the force of the cutting tends to push the 
tissues toward the pupil rather than dragging them peripherally. 











Fig. 5.—Illustration of the principle involved by fixation above and below. 
The handkerchief represents the vertical meridian of the cornea and the adjacent 
structures. On the left fixation is at D (above the upper limbus). The point of 
upward pressure of the knife is at F. Compression occurs between D and F, but 
there is no disturbance between F and B. On the right fixation is below at B. 
The knife push is at the same point J’. Note the stretching of the whole structure 
between B and F. 


This manner of making the incision will be found to be somewhat 
awkward at first, but one soon gets the knack of it, and it is just as 
easy to accomplish as the conventional section. 

Grasping the globe above the upper limbus probably would not be 
greeted with delight by those who find it necessary to make large, 
bloody conjunctival flaps, but as I do not care for these embellishments, 
including the complicating sutures employed by many, the procedure 
is in no way a hindrance. My preference is for simply a small fringe 
of conjunctiva. I make no attempt to scalp the eyeball, so to speak, 
believing the less traumatism the better; and in my own work I have 
found no reason whatever to complicate my extractions by suturing. 
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One must not conclude from these remarks that prolapse of the iris 
has been done away with. It has not, as too many other factors enter 
into the situation. However, I think I can safely say that it is possible 


to reduce its incidence. 
DISCUSSION 


Dr. H. MAxwect Lancpon: I wonder if Dr. Parker has considered 
the use of a bridle suture under the superior rectus muscle. It seems 
to me that it would not be so much in the way as a forceps in this posi- 
tion, and I think that it would give good counterpressure against the 
knife. I must confess that I do not see just how reversing the usual 
procedure in making the cut exerts less drag on the cornea. If the point 
or the heel of the knife is raised first, the other portion of the knife 
must make the next step in the procedure, and it seems to me that the 
drag would be about the same. 


Dr. Francis HEED ADLER: I should like to ask Dr. Parker if he 
has noticed any decrease in the amount of striate keratitis in his cases 
with the present method of making the section. I cannot understand 
how his method would diminish the incidence of prolapse of the iris, but 
I can believe that it might materially reduce the amount of striate 
keratitis. 

Dr. FRANK C. PARKER: In answer to Dr. Langdon’s question, I 
have never used this manner of fixation, as it requires a pull on the globe 
before fixation comes into play With an open wound such as is present 
after extraction, this does not appeal to me. Again, fixation with a 
forceps does away with any “swaying” of the eyeball. Further, the 
placing of this suture adds to the complication of the procedure and the 
time consumed in performing it. 

In answer to Dr. Adler’s question, I have not seen any striate kera- 
titis for some time. Whether or not this can be attributed to the lessened 
“drag” in this incision, I am not prepared to say. However, one might 
easily deduct that with diminished stretching of the cornea, striate 
keratitis would be kept at a minimum. 











INDUCED SIZE EFFECT 


I. A NEW PHENOMENON IN BINOCULAR SPACE PERCEPTION 
ASSOCIATED WITH THE RELATIVE SIZES OF THE 
IMAGES OF THE TWO EYES 


KENNETH N. OGLE, Pu.D. 
HANOVER, N. H. 


Probably one of the most important of the visual clues by which a 
person can estimate the relative distances and positions of objects in 
space is stereoscopic localization. These clues arise from the disparities 
between the two retinal images caused by the slightly different points 
of view of the two eyes. That stereopsis is the means for the most 
accurate discrimination of the relative distances of objects is, of course, 
universally appreciated. It has not been sufficiently recognized, how- 
ever, that stereoscopic vision also plays an important role in the sub- 
jective orientation of all objects in the entire binocular visual field, 
in the sense of a rotation about the point of fixation. In the absence 
of strong perspective clues, this particular capacity may provide one of 
the important visual criteria by which a person can orient himself in the 
outside world of objects. |; 

Certain experiments which demonstrate a relation between this type 
of subjective orientation and the relative sizes of the ocular images in 
the two eyes have bec. described by A. Ames Jr.’ These experiments 
indicated that a false subjective orientation may result from increasing 
the size of the image in one eye. For example, if a person with good 
stereoscopic vision looks down on a grass lawn on which there are few 
perspective clues and a difference in the sizes of the retinal images is 
introduced by a size lens before one eye, he will see the lawn tipped 
abnormally, according to the nature of the size lens. In general, with 
any change in the relative sizes of the images, different stereoscopic 
depth values relative to the fixation point will be associated with the 
images of all object points seen binocularly. The result is that the whole 
of the binocular field is falsely oriented about the fixation point. This 
phenomenon is obviously related to the rotations of the apparent frontal 


From the Division of Research in Physiological Optics, the Dartmouth Eye 
Institute of the Dartmouth Medical School. 


1. Ames, A., Jr.: Aniseikonia: A Factor in the Functioning of Vision, 
Am. J. Ophth. 18:1014, 1935. 
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plane, the nonius horopter and the region of binocular single vision,” 
when differences are introduced between the sizes of the retinal images. 

In the early studies of the effects of size lenses, it was found that 
an apparent rotation of surfaces seen binocularly resulted not only 
from increasing the size of the image in one eye in the horizontal 
meridian“but also from increasing it in the vertical meridian. The fact 
that an apparent rotation occurs as a result of a difference in the size 
of the images in the vertical meridian constitutes a new and unusual 
phenomenon, which will be described as the “induced size effect” and 
to which special emphasis will be given. 

The apparent rotation that takes place about a vertical axis when the 
size of the image in one eye is increased in the horizontal meridian 
would be expected for the following reasons: In binocular vision the 
stereoscopic function, as far as is known, exists only in the horizontal 
meridian. Since objects occupying different positions in space are 
imaged on the retinas of the two eyes on horizontally disparate points, 
a change in the size of the retinal image of one eye in the horizontal 
meridian changes the relative stereoscopic disparities of all those images. 
Accordingly, the subjective values associated with all the fused images 
of the objects will be changed. The result is a new subjective orienta- 
tion of the objects from their original positions, as though the whole 
binocular visual field had been rotated about a vertical axis through the 
fixation point, the objects on the side of the eye having the smaller 
image appearing nearer and those on the side of the eye having the 
larger image appearing farther away. Such an apparent rotation is a 
natural result of the particular geometric arrangement of the two eyes 
with respect to the positions of objects seen in space, and the effective 
changes of that arrangement caused by the size lens.* On the basis of 
the analytic horopter theory, the angle of this apparent rotation can be 


computed from the equation ?”*tan y’ = — sCaet , in which y’ is 


the angle of apparent rotation, M is the magnification of the size lens 
placed before the left eye in the horizontal meridian, b is the visual 


2. (a) Ames, A., Jr.; Ogle, K. N., and Gliddon, G. H.: Corresponding 
Retinal Points, Horopter and Size and Shape of Ocular Images, J. Optic. Soc. 
America 22:619, 1932. (b) Ogle, K. N.: Analytical Treatment of the Longi- 
tudinal Horopter: Its Measurement and Application to Related Phenomena, 
Especially to the Relative Size and Shape of Ocular Images, ibid. 22:665, 1932. 
(c) Herzau, W., and Ogle, K. N.: Ueber den Grdssenunterschied der Bilder 
beider Augen bei asymmetrischer Konvergenz und seine Bedeutung fiir das 
zweiaugige Sehen; Ein Beitrag zur “Aniseikonia”’—Forschung, Arch. f. Ophth. 
137:327, 1937. (d) Ogle, K. N.: Die mathematische Analyse des Langshoropters, 
Arch. f. d. ges. Physiol. 289:748, 1938. 

3. Ogle, K. N.: The Correction of Aniseikonia with Ophthalmic Lenses, 
J. Optic. Soc. America 26:235, 1936. 
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distance of the fixation point from the midpoint of the interpupillary base 
line and a is one-half the interpupillary distance. This relation for the 
apparent frontal plane, the nonius horopter and the region of binocular 
single vision has been verified experimentally on the longitudinal horopter 
apparatus. It has been verified approximately for more complicated 
objects.* The phenomenon, due to the difference in the sizes of the 
images introduced in the horizontal meridian only, is termed the “geo- 
metric effect,” since it becomes primarily a problem in geometry. 

On the other hand, that an apparent rotation about a vertical axis 
should result from increasing the size of the image of one eye in the 
vertical meridian is an entirely new and unexpected phenomenon ® 
and one that has no obvious connection with any known function of 
binocular vision. Since no stereoscopic depth function is known to 
result from a disparity in the vertical meridians of the retinal 
images of an object in space, the apparent rotation of the binocular 
visual field about the fixation point when a difference in sizes 
of the images of the two eyes is introduced in the vertical meridian 
cannot be explained by simple geometric means. Moreover, there is no 
obvious functional basis known that can account for such a phenomenon. 
The apparent rotation in this case, however, is in the direction opposite 
to that of the geometric effect, as though an increase in the size of the 
image in one eye in the vertical meridian induced an increase in the size 
of the image of the other eye in the horizontal meridian. For this 
reason this phenomenon has been designated the “induced size effect.” 

The influence of changes in the relative sizes and shapes of the 
images in the two eyes on these localization phenomena has been sub- 
ject to an intensive research study over an extended period. The results 
of these studies will be presented in a series of papers. This paper, 
which is the first, will present that material which broadly describes 
the phenomena. 

APPARATUS 


The qualitative relation between the apparent rotation of surfaces 
and the relative sizes of the ocular images can be easily demonstrated ; 
for example, by simply placing a meridional size lens in a trial frame 
before one eye and observing a field of objects that are more or less 


4. Ames, A., Jr., and Ogle, K. N.: Size and Shape of Ocular Images: 
III. Visual Sensitivity to Differences in the Relative Size of Ocular Images of 
the Two Eyes, Arch. Ophth. 7:904 (June) 1932. This problem is considered 
further in the present paper. 

5. The first evidence of the existence of this phenomenon was found in 
the failure of the apparent frontal plane (horopter) data to rotate to the full 
theoretic amount with overall size lenses placed before one eye when a small 
fusion object was substituted at the fixation point for the usual bare vertical 
wire or thread. The phenomenon was also described briefly by Ames. 
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free from perspective features. For this study, however, when quanti- 
tative results are desired for the apparent rotation which occurs with 
a given difference in size, a special instrument is necessary. 

The apparatus used is schematically illustrated in figure 1, which is 
more or less self-explanatory. An observer, whose head is held by a 
suitable chin cup or wax bite and forehead rests, fixates an object 
plane at a given distance in symmetric convergence. After consider- 
able experimentation, an object plane consisting of a sheet of plate 
glass 30 by 30 by 0.3 cm. was selected. This is supported in a frame 
free to rotate about a vertical axis. A protractor mounted on the table, 
with an indicator fastened on the frame, permits the measurement of 
the angle of rotation from the “frontal” position. A suitable pattern 
of fusible figures or contours is drawn on the surface of the glass 
with india ink or black paint. A large sheet of white cardboard, 
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Fig. 1—Schematic drawing of the apparatus used for a quantitative study of 
the geometric and induced size effects. 


uniformly illuminated, suspended behind the object plane for a back- 
ground, silhouettes the pattern as seen by the observer. A white card- 
board shield with an opening, which restricts the field of view to the 
plane, is usually placed in front of the eyes at a distance of about 10 cm. 
Suitable and adjustable lens holders (not shown in the figure) are also 
mounted before the eyes. By means of a cord, the observer can set 
the rotational position of the object plane. 


EXPERIMENTAL TECHNIC WITH RESPECT TO CERTAIN ASPECTS 
OF THE PHENOMENA 


Criteria for Setting the Object Plane.—In obtaining the data for 
these experiments, the observer first adjusts the position of the plane 
according to a given criterion under normal binocular vision, and then, 
by the same criterion, when a difference in the sizes of the images 
has been introduced by a meridional size lens. The difference in the 
angular positions of the surface for the two adjustments is the desired 
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measurement. It will be clear that this rotation of the object plane is 
in the direction opposite to the apparent rotation of a fixed plane or 
surface. 

Three criteria according to which the object plane can be adjusted 
have been used: 

1. The plane is set so. that it appears “normal” to the subjective 
direction of the center of the plane from the observer ; that is, the plane 
is set for an apparent “frontal” position.® For this criterion, the bin- 
ocular visual field should be restricted to the object plane and other 
precautions should be taken to eliminate, so far as possible, the influence 
of empiric factors. This is the criterion that has been used most. 

2. The plane is set so that it appears “normal” to a particular 
dimension of an object also seen in the field of view by binocular (or 
monocular) perspective. Two types of such objects may be considered: 
those whose positions through the perspective sense are uninfluenced 
by a size lens (for example, a string extending toward the object 
plane in a sagittal direction) and those whose positions through the 
perspective sense provide a good monocular criterion and whose per- 
spective clues, as seen by the two eyes, are influenced only to a second 
order by the size lens (for example, a box in near observation). 
A pencil, mounted in the field of view and directed toward the center 
of the plane, establishes, by perspective factors, a subjective direction. 
The observer may then adjust the object plane so that it appears 
“normal” to the apparent direction indicated by the pencil. Here, reli- 
ance is placed on the perspective sense to orient the subjective directions 
in the binocular field. 

3. Not unlike the second criterion, the plane is set so that it appears 
parallel to a frame seen binocularly (or monocularly, if the visual field 
of one eye is restricted by a suitable aperture). This frame establishes 
by form and perspective factors a “surface” of reference.’ 

Each of these criteria gave good results. It was found, of course, 
that the primary, or naked eyes’, adjustment might vary with the 
criterion, but the change in the apparent rotation of the plane caused 
by a given difference in the sizes of the images was more or less the 
same. This statement, perhaps, would refer only to results of experi- 


6. In these experiments the object plane is set for the “normal” position only 
in respect to a rotation about a vertical axis. The problem relating to the other 
rotation about a horizontal axis is to be considered in another paper. 

7. A fourth criterion, for surfaces which are mounted in a more or less hori- 
zontal position free to rotate over a pivot, is to set the surface so that it appears 
“level.” This criterion may be entirely subjective or may be referred to a 
fixed frame, plumb, etc. 
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ments in which the particular apparatus described here was used, for, 
conceivably, the findings might vary with other types of apparatus. 

Since these experiments have been concerned mainly with the phe- 
nomenon of the induced size effect, in which the change in the apparent 
rotation of the plane is of importance, the criterion of the apparent 
“normal” to the subjective direction of the center of the object plane 
(that is, of the apparent “frontal” position) has been used consistently 
in all cases. 

Importance of Empiric Factors—In experiments of this type it is 
difficult to exclude all empiric factors which might tend to mask or 
inhibit the effects. Therefore, certain precautions are necessary. Among 
the most important of these are that movements of the object plane 
during an adjustment should be made quickly and that the judgment 
of “normalness” should be made while the plane is not moving. A com- 
pensating factor may be involved with continuous back and forth rota- 
tions that tend to influence the binocular setting of the plane. There is 
evidence that such a factor exists, in that with monocular vision the 
object plane can be adjusted for a “frontal” position with considerable 
accuracy ® by means of these back and forth rotations. However, it has 
been found that the stereoscopic function may so dominate that such 
monocular influences are negligible. 

Among the more common factors which may tend to mask the 
apparent rotation of the plane when a difference in the sizes of the 
images is introduced is the form of the fusible pattern used on the object 
plane. Recognizable geometric forms or configurations that appear dis- 
torted in a definite manner when the plane is rotated may easily provide 
clues for ascertaining the “frontal” position. Patterns of this type (e. g., 
a circle or a square) on the plane must be avoided. 

When there are many objects at varying distances in the field of 
view, it has been found that the parallax introduced by movements 
of the head may also tend to inhibit these size effects. 

In general, an observer is more sensitive to the size effects if the 
object plane contains some stereoscopic device. For example, part of 
the pattern may be put on the back as well as on the front side of the 
glass plane, the thickness of the glass being sufficient to stimulate 
stereopsis at: near visual distances. A stereoscopic stimulus apparently 
becomes more important for greater visual distances.° 


8. That is, by a mean deviation of the order of 1.5 degrees for a visual 
distance of 40 cm. 

9. Some persons when looking down on a grass lawn with a meridional size 
lens before one eye see no tipping of the ground until a twig or rod, which would 
serve to stimulate stereopsis, is stuck into the ground. Then a tipping appears 
suddenly. 
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Differences in the illumination apparently have little influence on 
the behavior of either the geometric effect or the induced size effect. 
As long as the fusible detail is seen readily, the rotation of the plane 
always appears with a difference in the sizes of the images. Even 
greatly different illuminations in the two eyes have little or no influence, 
as has been demonstrated by placing neutral tint filters before one of 
the eyes. 


TaBLe 1.—Typical Data for Four Observers Showing the Difference in Behavior 
of the Geometric and Induced Size Effects * 














Geometric Effect Induced Effect 
Meridional Size Lenses Placed at Meridional Size Lenses Placed at 
Axis 90° Axis 180° 
Magnifi- — *~ SEE x _ 
cation Observer Observer 
ot Size —————_ —______+—__________,. -——_—- A—— 





Lens P. D. 61 PD@ FD. P. Bb. 61 
Used, % S.C. B. ENO. ESE. ABC. 8 68.C. BR, NO. EMR. B.SC. 


Refore 
right eye 
6 CARE a deeevenae  eemetawan “eteewseerer TPE scieacieas ataeeee  wobeomiaas 
4 —9.1 (0.6) —13.4 (0.7) —8.1 (0.4) —10.0 (0.8) 16.3 (0.2) 11.9 (1.4) 10.2 (0.7) 10.5 (0.9) 
w. © \eéceeeess 30.7 (0.5) —S3E COA) dccccwesee seesesaee W609) -B.F COS)  sccccccss 
2 —3.1 (0.1) —6.7 (0.7) —4.3 (0.4) —6.3(0.7) 10.4 (0.7) 6.8 (1.0) 5.8 (0.4) 4.7 (1.2) 
Bc <. Sexkansean <M = EUED Sbsbeveccs 00esieeee SSCA FO COG)  ccsisiveses 
Normal 4.9 (0.4) 0.6(0.8) 1.2(0.5) —0.4 (0.7) 4.9 (0.4) 0.6 (0.8) 1.2 (0.5) —0.4 (0.7) 
Before 
left eye P 
eager eRe eee “<D —cawacies, danducnees —3.9 (1.0) —1.1 (0.7). nccccccce 
g 9,9 (0.4) 7.0 (0.4) 5.2 (0.3) 6.0 (0.4) —3.3 (0.5) —8.0 (1.0) —3.7 (0.5) —35.3 (0.9) 
| Se ee SECC TOSS). .cawicses ‘seteucvoss —12.9 (0.8) —6.0 (0.7) .......... 
4 17.9(1.0) 14.5 (0.5) 11.6 (0.4) 11.6 (0.8) —S.8 (0.5) —15.S (0.9) —7.4 (0.6) —12.1 (0.8) 
6 WUE  eveseeiane. sdtaweces: - Seacneers HERE) sheseeeee Saesencee  ‘eewee telus 
Sensitivity, °/% 
I —3.3 —nG.6 —2.8 —3.0 3.2 3.7 £3 » 
G —3.7 —3.7 —3.3 —3.7 





* The data are the degrees of rotation of the plane about a vertical axis from a true 
frontal position. The plane was adjusted for an apparent ‘frontal’ position for a given 
difference in the sizes of the images introduced by meridional size lenses in the horizontal and 
in the vertical meridian. The visual distance was 40 cm. A positive value indicates that the 
plane was rotated counterclockwise; i. e., the right side of the plane was moved away from 
the observer. The data in parentheses are mean deviations. 


While the aforementioned factors tend to inhibit the effects, it 
appears that when strict attention is paid to the criterion demanded they 
may be ignored and their influences tend to disappear with experience. 
After considerable practice and provided the attention is confined strictly 
to the center of the object plane, almost the same results may be obtained 
regardless of whether the binocular visual field is restricted to the object 
plane alone or whether the whole plane, with supports and other objects 


having perspective forms, are visible at the same time. Of course, 
individual variations are found. 
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SENSITIVITY OF THE APPARENT ROTATION OF SURFACES 


Preliminary Type of Data.—The preliminary data to be reported 
here were taken with a pattern on the object plane consisting of a large 
number of relatively small spots of black india ink scattered indiscrimi- 
nately on both sides of the glass sheet. Such a pattern provides fusion 
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Fig. 2.—Graphic representation of the typical preliminary type data for several 
observers showing the geometric and induced size effects. The visual distance 
was 40 cm. 


stimuli, as well as adequate stereoscopic stimuli, over the whole of the 
restricted binocular visual field and yet presents no easily recognizable 
geometric configurations. After the observer’s head had been adjusted 
in the apparatus, he was asked to set the plane, so far as the horizontal 
meridian was concerned, according to the criterion of the apparent 
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“frontal” position ; that is, to set the plane so that it appeared “normal” 
to the. subjective direction of the center of the plane. The angular 
positions of the plane for several adjustments (from three to five) were 
recorded. Then a meridional size lens, the magnification properties of 
which were known accurately for the particular visual distance, was 
inserted before one eye, and the observer was again asked to adjust 
the position of the plane for the same criterion. The plane’s position 
was again recorded for several settings. With a series of size lenses, 
complete data were obtained for the corresponding apparent rotations. 

Data taken in this manner have been obtained for a large number 
of persons.?° Table 1 contains the typical results, with mean variations, 
for four more or less experienced observers, for both the geometric 
(size lenses axis 90 degrees) and the induced (size lenses axis 180 
degrees) effects. These data are illustrated graphically in figure 2, in 
which the percentage of difference in the sizes of the images produced 
by the meridional lens is plotted on the abscissa axis and the amount 
of rotation of the plane in degrees (positive counterclockwise) is 
plotted on the ordinate axis. 

These graphs show that, within the limits indicated, the distribution 
of the points representing the data is more or less linear. In general, 
with differences in the sizes of the images of less than 4 per cent, the 
amount of apparent rotation of the surface in both the geometric and 
the induced size effects may be considered proportional to the difference 
in the meridional sizes of the images. The magnitude of the propor- 
tionality, which can be determined from the slope of the line which best 
fits the data points, will be designated as the sensitivity of the effect. 
This is expressed in degrees of apparent rotation of the plane for a 
1 per cent difference in the sizes of the images in the two eyes. The 
computed sensitivities of the geometric effect (designated by G) and of 
the induced size effect (designated by I) for the data in table 1 are given 
in the bottom row. In general, the sensitivity to the induced effect is 
of the same order as that of the geometric effect. 

Inspection of table 1 shows that the sensitivity of these more or less 
experienced observers is about 3 to 3.5 degrees of rotation for a 1 per 
cent difference in the sizes of the images. Some variation in the sensi- 
tivity is found between observers (apart from being due to differences 
in the interpupillary distances) and to a smaller degree in the data for 
a given observer taken at various times. The latter variation tends to 


10. As early as 1934 a technic was developed for a general study of the effect 
of size lenses on the subjective orientation of various types of tipping boards. 
Mr. Henry A. Imus, with the assistance of Mr. William F. Peck, Mr. Harold 
M. Fisher and others, obtained a great deal of important data. That work laid 
the foundation for the present investigations. 
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decrease with experience. Similar data obtained for a large group 
(600) of inexperienced observers show a sensitivity for near vision 
(40 cm.) to the geometric effect of —2.3 degrees for 1 per cent 
(so =0.59) and to the induced effect of 2.2 degrees for 1 per cent 
(cs =0.65). These sensitivities are in general lower than those found 
for more experienced observers. For trained observers the sensitivity 
of the induced effect may, under certain conditions, exceed that of the 
geometric effect. Various factors, such as fatigue, may from time to 
time contribute to a variation in the sensitivity, especially in the induced 
size effect. 

These general results are also found for visual distances other than 
40 cm. For greater visual distances, i. e., 3 meters, more concentration 
and a definite response to stereoscopic stimuli on the part of the observer 
are necessary. 

The induced size effect seems to occur immediately when a difference 
in the sizes of the images of the two eyes is introduced in the vertical 
meridian. There has been evidence that for less complex visual patterns 
on the object plane the induced size effect reaches a maximum after the 
lapse of a short interval during which the observer adjusts the surface. 
On the other hand, no easily demonstrable after-effect or lag persists 
when the difference in size is removed. 

One of the striking aspects of such data is the accuracy with which 
the settings of the object plane are made. Some idea of this accuracy 
can be obtained from a study of the mean deviations of the mean settings 
for the data given in table 1. These average about + 0.5 degree, and 
rarely exceed 1 degree. Since a 1 per cent difference in the sizes of the 
images causes an apparent rotation of the plane of about 3 degrees, such 
a mean deviation corresponds roughly to + 0.2 per cent of difference in 
the sizes of the images. This figure agrees with the order of sensitivity 
of the eyes to differences * in the sizes of the images as determined by 
other methods. 

Overall Size Lenses; Rotated Meridional Size Lenses.—Since the 
sensitivity of the induced size effect for such a complex fusion pattern 
has about a one to one relationship with that of the geometric effect, 
though in the opposite direction, it would be expected that the use of 
overall size lenses would cause no marked apparent rotation of the object 
plane. Qualitatively, this is true, though considerable variations may . 
occur. This phase of the problem, however, will be left for consideration 
at a later time. 


11. From a visual survey of the class of 1940 at Dartmouth College, a report 
of which will be published. 
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Another instance in which the geometric and the induced effects may 
also act more or less at the same time may be found in determining the 
apparent rotation of the object plane when the meridional size lens before 
one eye is rotated to various angular positions (in the sense of rotating 
an astigmatic lens). A typical set of data,’* as illustrated graphically in 
figure 3, shows the usual cosine type of curve. When the magnifying 
effect of the lens is in the horizontal meridian (axis 90 degrees), the 
apparent rotation is a geometric one; when it is in the vertical meridian 
(axis 180 degrees), the apparent rotation is due solely to the induced 
size effect. At the oblique meridians of 45 and 135 degrees, the two 
effects more or less offset each other, since the magnification components 
of the lens in the vertical and horizontal meridians are equal. At all 
other oblique meridians, one effect or the other dominates. 
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Fig. 3—Graphic representation of typical data (for H. F.) showing the 
magnitude of the apparent rotation of a surface seen binocularly about a vertical 
axis caused by the rotation of a meridional size lens before the right eye to 
different angular positions. 


Rotational Deficiency of the Geometric Effect——On the basis of the 
horopter theory, the magnitude of the apparent rotation of the object 
plane for a given difference in sizes of the images introduced in the 
horizontal meridian can be computed from the equation tan y’ = — 
M— 1) . The sensitivity due to the geometric effect would be, therefore, 
(M + I)a 
G = — 0.28 u degrees of rotation for a 1 per cent difference in the 
sizes of the images. In this equation, also, b is the visual distance and 
a is one-half the interpupillary distance. In general, it has been found 
that the measured sensitivity is less than the theoretic by about 20 per 
cent. This deviation of the measured sensitivity from the theoretic 


— 


12. These data were obtained by Mr. H. A. Imus and Mr. H. M. Fisher. 
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sensitivity will, for convenience, be designated as a deficiency of the 
geometric sensitivity. While the exact cause of this deficiency is as 
vet unknown, it is probably due to special empiric factors that cannot 
be eliminated easily in this type of apparatus. The magnitude of the 
deficiency varies, to a certain extent, with the observer. In this respect, 
inexperience in binocular observation plays a part, though the greatest 
deficiencies are usually found in persons with weak fusion powers. 
For a given trained observer, the deficiency is remarkably constant for 
a given apparatus. 


MAXIMUM INDUCED SIZE EFFECT PHENOMENON 


When a meridional size lens is placed before one eye which mag- 
nifies the retinal image in the horizontal meridian (lens at axis 90 
degrees), the change in the apparent rotation of the binocular visual 
space is in accordance with purely geometric causes. Apart from cer- 
tain unavoidable empiric factors, therefore, this apparent rotation would 
agree with the longitudinal horopter theory. Hence, as successive 
lenses of increasing magnification are used before one eye, the magni- 
tude of the apparent rotation of the surface seen binocularly increases 
nearly proportionally with the difference in the sizes of the images. 

This is not true in the case of the induced size effect. As the dif- 
ference in the sizes of the images of the eyes in the vertical meridian 
is increased, the apparent rotation of the surface seen binocularly 
increases up to a limit beyond which no further increase, but usually 
a decrease, is found. This phenomenon will be evident from typical 
complete data for several observers taken with the same pattern of 
scattered dots on both sides of the object plane. These data are given 
in table 2 and are illustrated graphically in figure 4, in which the per- 
centage of difference in the sizes of the images introduced by meridional 
size lenses is plotted on the abscissa axis and the amount of apparent 
rotation of the object plane about the vertical axis (positive counter- 
clockwise) is plotted on the ordinate axis. 

It will be clear from an inspection of these graphs that in the geo- 
metric effect the apparent rotation of the plane is directly proportional 
to the difference in the sizes of the images in the horizontal meridian. 
This is indicated by the fact that a straight line describes adequately 
the distribution of the data points throughout the wide range of dif- 
ferences in the sizes of the images. This is not true for the induced 
size effect, for the smooth curve drawn through the points is a typical 
S-shaped curve. Here the apparent rotation of the plane for a given 
difference in the sizes of the images in the vertical meridian is in the 
direction opposite to that of the geometric effect, and hence the curve 
lies in the opposite quadrants of the graph. 
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Previously, the sensitivity of either of the effects was defined as 
the magnitude of the apparent rotation of the plane caused by a 1 per 
cent difference in the sizes of the images. These results would show 
that for the induced size effect the sensitivity varies over the range of 
differences in the sizes of the images in the vertical meridian. In the 
central regions of these curves the sensitivity is more or less constant; 


TaBLe 2.—Typical Data for Four Observers Showing the Difference in Behavior 
of the Geometric and Induced Size Effects * 


























Observer 
iad ae on 
B.A. W. H. M. B. G. S.N. R. H. D. 
Magnii- ——_—_+-—__—_—_~{ ——_-__—-- aa 4 _ ar = 
cation Geometric Induced Geometric Induced Geometric Induced Geometric Induced 
B.. Effect Effect Effect Effect Effect Effect Effect Effect 
Size 
Lens Lenses Lenses Lenses Lenses Lenses Lenses Lenses Lenses 
Used, Axis Axis Axis Axis Axis Axis Axis Axis 
Jo 90° 180° 90° 180° 90° 180° go° 180° 
Before 
right eye 
SO! ee  icdcebenew weckepedsna Dasneemosad DE ito beansees oeansoeuees 
ME debvcaecons DEED icikeuetecd aa eaceneece aebensuercie Bee ee erctiswscdc | aeicaeseess 
SAEs | Yadoweeeaaae 9.0 (0.2) —24.2 (0.6) 11.6 (0.9) —30.0 (0.7) 18.8 (0.5) —30.3 (0.6) 23.1 (0.3) 
BEE. ccd Gettaw ween eieeitet WikedekaNas Caadateuk per eccedasesie aenwemdes —26.1 (0.3) 23.0 (0.8) 
6.1 —16.7 (1.1) 7.1 (0.4) —14.0 (0.6) 10.8 (0.8) —22.6 (1.4) 16.6 (0.6) —20.2(0.9) 18.8 (0.3) 
OM!  wgacpencas bcakdndeted widecsteees Kbadcsudebe Mebeeeiviee Sacnberabee —18.3 (0.1) 17.5 (0.4) 
4.0 —10.5 (1.3) WP GE Soi scwas tanec. bocceeenee’s ee GD TR GE iiviccctceccs. Kccasde sees 
Me SPE A IC hn SORE: DOOD os ciccinscn ss aincascnoekes ceneesavens seauentinds 
2.0 —6.1 (0.3) NE evecieictes Seacedeaeus —7.0 (0.4) 7.7 (0.8) —11.2 (0.2) 11.3 (0.3) 
No lenses —0.5 (0.4) —0.5 (0.4) —2.3 (0.5) —2.3 (0.5) 0.4 (0.3) 1.0 (0.2) —0.2 (0.3) —0.2 (0.3) 
Before 
left eye f 
2.0 ne ae GO on cs cence cd caccsseseas 7.5 (0.4 —7.7 (0.3) 11.1 (0.89 —11.2 (0.3) 
Wt. bacaemmictaedainbobenesic ey 2 vs cchacaane eckdceuheser Rade sulneslon Honneneenen 
4.0 Dae Re OOD raincoat’: eetcsseinse SED GT) HER GE) ccecikkanics: sepecencncs 
DP.  daddicmevds Ge shen neiee dete cain bite aesieke Maccusbaias (aes noeiees 19.1 (0.6) —15.1 (0.1) 
6.1 16.4 (0.2) —7.9(0.8) 14.9 (0.9) —17.5 (0.9) 21.7 (1.0) —18.8 (0.6) 19.8 (0.3) —18.5 (0.4) 
CE “anckcunawid Soncgeaueee SUICURUNate seobeat bine ast auadsicns, Kauenontnes 26.5 (0.8) —19.5 (1.0) 
e., <oweedowawen —11.0 (1.0) 22.2 (0.9) —21.1 (0.5) 29.2 (0.4) —22.6 (1.0) 30.4 (0.1) —20.0 (1.0) 
Me ¢ \avéiostecase PED naetbacwcccie’ keoncdekestn Seakersnces ENED ctessedecec, ee neeenbeos 
Me Beaeeeesees SE AE b Ghaarne dee a0.0sagecees ede ecease ECE ccc csanatce Genbsaeses 
Maximum 
sensitivity, 
°1% —2.84 2.03 —2.87 2.75 3.72 3.36 —3.86 8.90 





* The data are the degrees of rotation of the plane about a vertical axis from a true 
frontal position. The plane was adjusted for an apparent ‘frontal’ position for a given 
difference in the sizes of the images introduced by meridional size lenses in the horizontal 
and in the vertical meridians. The visual distance was 40 cm. The data in parentheses are 
the mean deviations. 


that is, the apparent rotation of the plane is approximately propor- 
tional to the difference in the sizes of the images: These portions of 
the curves are usually within a range of + 4 per cent difference and 
correspond to the data described in the last section of this paper as 
the preliminary data. These sensitivities at the central part of the 
curves will obviously be the maximum sensitivities of the effect. With 
increasing differences in the sizes of the images in the vertical meridian, 
the sensitivity of the apparent rotation decreases, until a maximum 
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apparent rotation is reached. These maxima correspond to the tops 
and bottoms of the S-shaped curves. With still increasing differences 
in the sizes beyond these maxima, the sensitivity increases negatively ; 
that is, the apparent rotation of the plane with increasing differences 
in the sizes of the images in the vertical meridian actually tends to 
decrease. The maximum sensitivity of the geometric and the induced 
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Fig. 4—Graphic representation of typical data showing the difference in 
behavior of the geometric and induced size effects for greater differences in the 
sizes of images. The data are the amount of apparent rotations (degrees) of the 

object plane caused by differences in the sizes of the images (percentage) intro- 
duced by meridional size lenses before one or the other of the eyes. The visual 
distance was 40 cm. 








618 ARCHIVES OF OPHTHALMOLOGY 


effects is given in the lower row of table 2. Inspection of these figures 
shows, again, nearly a one to one relationship. 

While there are certain objections to such a pattern for this experi- 
ment, the data obtained are useful to demonstrate that even with such 
a complex pattern the phenomenon of the maximum induced effect exists. 


TABLE 3.—Typical Data for K. N. O. Showing the Induced Size Effect Obtained 
with an Object Plane Pattern Consisting of a Ring of Scattered Dots.* 








Meridional Meridional 
Size Lenses Used at Rotation Size Lenses Used at Rotation 
Axis 180° Before of Plane, Axis 180° Before of Plane, 
Right Eye, % Degrees Left Eye, % Degrees 
No lenses —2.1 (0.7) No lenses — 2.1 (0.7) 
0.5 —1.8 (0.7) 0.5 — 5.9 (0.4) 
1.0 0.2 (0.4) 1.0 — 7.9 (0.1) 
1.5 —0.5 (0.6) 1.5 — 9.3 (0.9) 
2.0 1.4 (0.4) 2.0 —11.3 (1.0) 
2.2 —0.1 (0.8) 28 —10.3 (1.2) 
2.5 22 C22) 3.3 —13.3 (0.9) 
3.0 4.3 (0.7) 3.0 —16.0 (1.1) 
3.5 3.2 (1.3) 3.5 —17.2 (0.8) 
4.0 3.1 (0.9) 4, —16.2 (0.7) 
5.0 1.7 (1.4) 5 —16.7 (2.1) 
6.0 2.3 (0.8) 6.0 —19.2 (0.8) 
7.0 —0.6 (0.8) 7.0 —20.7 (1.2) 
8.2 —0.5 (0.4) 8.2 —20.8 (2.2) 
9. —18.4 (2.1) 
12.5 —16.9 (2.0) 





* The data are the degrees of rotation of the plane about a vertical] axis from the true 
frontal position, when the plane is adjusted for an apparent ‘frontal’ position for a given 
difference in the size of the images in the vertical meridian. The visual distance was 40 cm.; 
the angular size of the ring, 5 degrees. The numbers in parentheses are the mean deviations. 


TaBLe 4.—Typical Data for R. H. D. Showing the Induced Size Effect Obtaiived 
with an Object Plane Pattern Consisting of Two Separated Horizontal 
Bands of Scattered Dots * 








Meridional Size Lenses Used at Axis 180° 





Lenses Before None 2% 4% 6% 8% 10% ; 
Right eye...... 1.1 (0.1) 8.6 (0.3) 14.1 (0.5) 15.7 (0.6) 13.3 (0.9) 3.5 ( 2?) 
PGE ccc css. -eawennde —5.5 (0.4) —11.1 (0.1) —12.9 (1.5) —10.8 (0.2) —11.5 (1.0) 





* The data are the degrees of rotation of the plane about a vertical axis from the true 
frontal position, when the plane is adjusted for an apparent “frontal’’ position for a given 
difference in the size of the images in the vertical meridian. The visual distance was 40 cm.; 
the angular separation of bands, 10 degrees. The numbers in parentheses are the mean 
deviations of the settings. 


With such a complex type of pattern on the object plane, some variations 
may be expected between different observers. 

The average difference in the sizes of the images and the vertical 
meridian at which the maximum effect occurs (and also at which the 
induced effect curve begins to depart from the straight line portion of 
the curve) for the particular pattern on the object plane used for these 
data varies somewhat with the observer. Lower values are usually 
found for the more inexperienced or untrained observers. The average 
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ditference in the sizes of the images in the vertical meridian for the 
maximum effect for the data given here is between 7 and 9 per cent. For 
one highly trained observer, it was questionable whether the effect had 
begun to leave the straight line portion of the curve even at an 8 per cent 
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Fig. 5—Graphic representation of typical data (for K. N. O.) showing the 
induced size effect for a surface having fusion stimuli unrestricted at a fixed 
visual angle. The visual distance was 40 cm. 
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Fig. 6.—Graphic representation of typical data (for R. H. D.) showing the 
induced size effect for a surface having fusion stimuli restricted to a fixed visual 
angle. The visual distance was 40 cm. 


difference in the sizes of the images. This observer, however, was 
conscious of a disturbed sense of fusion and a definite sensation that 
the criterion by which the object plane could be adjusted was confined 
more and more to the central regions of the plane as the difference in 
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the sizes of the images in the vertical meridian was increased. This 
would, of course, be consistent with the fact that the linear retinal 
disparity due to a given difference in the sizes of the images is greater 
in the peripheral parts of the retinas than in the parafoveal parts,* and 
hence fusion would tend to be more disturbed in the peripheral regions. 
Certainly, it was clear to some of the more experienced observers that 
as the difference in the sizes of the images in the vertical meridian was 
increased the peripheral regions of the visual field played a less and less 
important part. 

When the central portions were eliminated entirely, as, for example, 
in a pattern on the object plane consisting of an approximate ring of 


TaBLe 5.—Typical Data for R. H. D. Showing the Geometric and Induced Size 
Effects for Visual Distance of 20 and 75 Cm. 











Visual Distance, 75 Cm. Visual Distance, 20 Ce. 
i Geometric Induced Size pees Geometric Induced Size 
Meridional Effect ect Effect Effect 
Size Lenses Lenses at Axis Lenses at Axis Lenses at Axis Lenses at Axis 
Used, % 90° 180° ; 180° 
PN TG ete ccesccenss .  enevausuews | rr —— 8.7 (0.2) 
Movekcnevsbicees -aennunteers 28.4 (1.5) —13.0 (0.8) 7.7 (0.9) 
Dicacbevecsesennte * 27.0 (1.0) —10.2 (0.2) 8.0 (0.4) 
ee —24.6 (0.4) 22.9 (0.5) — 7.8 (0.7) 6.2 (0.2) 
Mita: cate ear ee —12.8 (0.8) 14.1 (0.2) — 3.3 (0.6) ° 3.2 (1.0) 
PR atria cosscncawsnee ces 0.2 (0.5) 1.2 (0.3) — 0.2 (0.8) 0.7 (0.8) 
FS Be per ere 16.0 (0.3) — 8.8 (0.7) 3.7 (0.3) © —1.9 (0.6) 
Riicow outaksaneeie 28.7 (0.6) —14.2 (0.5) | 8.4 (0.3) —5.0 (0.4) 
Wie acne watcaw ra ein - —20.1 (0.1) 12.7 (0.5) —8.5 (0.8) 
Ditaveaeewerpecte) © sinescaedes —19.1 (2.0) 16.1 (0.6) —8.9 (0.5) 
MbGeihessvetne<ise  cawetwbeses —-aaetne) ~ eeevepens —9.1 (0.4) 
Eetevissteitacdecces spethhbesie | - “xeamegesese.  . ~ Pemeweres —9.6 (0.6) 
Pi eawoleiiheensi+: § ateenaceage  . «» S04aeeGawae.  - . epeiies. —7.7 (0.8) 
Maximum sensitivity....... 6.7°/% 6.0°/% —2.0 1.4°/% 
Theoretic sensitivity........ 7.2°/% emit | Sree 





. a, asterisk indicates that mechanical limitations prevented these data from _ being 
obtained. 


scattered dots, the points of maximum induced effect became more 
definite for all observers. Typical results for one observer, when using 
this type of pattern in which the mean radius of the ring subtended a 
vertical visual angle of 5 degrees, are shown in table 3 and are illustrated 
graphically in figure 5. Likewise, the results for an observer using a 
pattern on the object plane consisting of two separated horizontal bands 
of scattered dots are given in table 4 and illustrated in figure 6. It will 
be clear from an inspection of these curves that the maximum points 
of the induced effect are much more pronounced than those for a more 
complex pattern on the object plane. On the basis of considerable 
experience, it is believed that the data points are best represented by a 
curve which is symmetric in shape. 

That the same phenomenon exists also for other visual distances is - 
shown by the data for one observer given in table 5 and illustrated in 
figure 7. 
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These experiments on the induced size effect seemed regularly to 
cause some eyestrain, and if they were continued for any length of 
time, headaches and other ocular disturbances resulted. Especially was 
this discomfort felt when the differences in the sizes of the images were 
greater than 5 or 6 per cent. During each observation, the observer felt 
a nervous tension and an ocular “pulling” sensation, usually accompanied 
by a strong desire to finish the observation quickly. In some persons 
these ocular disturbances persisted for several hours after taking the 
data. 

The patterns on the object plane described here are complex, and so 
for the present a discussion concerning the significance of the maxima 
found in the induced effect will be necessarily postponed. 
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Fig. 7.—Graphic representation of typical data (for R. H. D.) showing the 
induced size effect for the visual distances of 75 and 20 cm. 


COMMENT AND CONCLUSIONS 


For geometric reasons, together with the fact that the stereoscopic 
function exists in the horizontal meridian, one might anticipate a change 
in the apparent rotational position of a surface seen binocularly when 
a change is introduced in the relative sizes of the images of the eyes in 
the horizontal meridian. Apart from a small deficiency, the results 
with a complex pattern verify this theoretic expectation. ; 

The induced effect, however, which is the phenomenon of the 
apparent rotation of the binocular visual field caused by a difference in 
the sizes of the images in the vertical meridian, is a new and unex- 
pected phenomenon that could not have been anticipated. Certainly, no 
geometric explanation is obvious. Moreover, its functional basis is not 
clear, since no stereoscopic depth perception is known to originate from 
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disparities of retinal images in the vertical meridian. Even if the 
phenomenon were due to some other type of physiologic or interpretative 
cause, a functional basis would be expected. 

Three facts, based on the preliminary data given in this paper, are 
of importance in regard to this phenomenon: First, a one to one ratio 
of the maximum sensitivities of the induced to the geometric effects 
exists, though the two effects are opposite in sign; second, the effect 
reaches a maximum value for differences in the sizes of the images in 
the vertical meridian greater than 5 or 6 per cent; and third, above this 
difference the induced effect decreases slowly. 

On the basis of the data presented, only a conjecture as to the 
nature of this phenomenon is possible. The one to one relationship 
between the sensitivity of the induced and the geometric effect for a 
difference in the sizes of the images of less than 4 per cent certainly 
suggests that the induced effect is an image size phenomenon. Whatever 
mechanism may be responsible, it appears that so far as binocular depth 
perception is concerned, the introduction of a difference in the sizes of 
the images in the vertical meridian effectively causes a difference in the 
sizes of the images in the horizontal meridian in direct proportion to 
that in the vertical meridian. One might argue for a compensation 
theory, in which the ocular system, through séme mechanism, compen- 
sates for the difference in the sizes of the images in the vertical meridian 
but can only do so by an overall change in the relative sizes of the ocular 
images. Thus, while compensating for this difference, a residual 
difference in the sizes of the images, which will be proportional to the 
compensation, remains in the horizontal meridian. Such a hypothesis 
avoids the necessity of trying to explain the effect on a known functional 
basis. 

The fact that a maximum induced effect occurs for differences in 
the sizes of the images in the vertical meridian of 5 or 6 per cent is 
significant. Irrespective of the nature of the mechanism which causes 
the effect, this fact indicates a definite limitation in the extent to which 
it can operate. In this connection, it should be noted that seldom have 
differences greater than 5 per cent been found in the clinic for patients 
whose fusion powers were normal.’® 

It is of further significance that if the difference in the sizes of 
the images in the vertical meridian is further increased after the 
maximum apparent rotation of the object plane has been reached, the 
induced effect still persists and decreases slowly. Thus, on the basis 
of the foregoing theory, the compensation process is maintained only 


13. Carleton, E. H., and Madigan, L. F.: Size and Shape of Ocular Images: 
II. Clinical Significance, Arch. Ophth. 7:729 (May) 1932. 
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to a slightly less extent than the limiting amount for high differences in 
the sizes of the images in the vertical meridian. 

The only known allied phenomenon is the apparent change in the 
sizes of the ocular images found when the eyes are turned in asymmetric 
convergence.*° Apparently, a compensatory process occurs there which 
offsets the retinal difference in the sizes of the images that would arise 
because of the difference in the distances from the object to the two 
eyes. Whether or not the induced size effect could be a part of the same 
phenomenon is merely a matter of conjecture. It is not the purpose of 
this paper to attempt an exhaustive discussion of the effect but merely 
to present evidence which will establish its existence. This phenomenon 
must be considered, however, one of the most important phases of the 
study of the relation between binocular vision and depth perception and 
the relative sizes and shapes of the ocular images of the two eyes. 
Moreover, it is believed that the induced effect may prove an important 
tool in determining other facts regarding the nature of the binocular 
visual processes. Of special weight in this respect is the extreme 
accuracy with which the eyes respond to these various binocular 
phenomena. 


This work was done under the supervision of Prof. A. Ames Jr.; some of 
the data used were supplied by various members of the research group. 
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Leduc in 1900 was the first to describe methods of therapeutic 
ionization and in 1903 he published the first report on the application 
of zinc ions in the treatment of rodent ulcer. In 1904 he used quinine 
in the treatment of an acute attack of tic, claiming a favorable result. 

Ramsden in 1908 reported a case of ophthalmia neonatorum in 
which cure was effected in two days with ionization. 

Traquair’? in 1911 treated corneal ulcers with zinc iontophoresis. 
His best results were achieved in cases of moderately severe involve- 
ment and also in those cases in the advanced stage in which the condi- 
tion of the cornea contraindicated cauterization. Scar formation was 
less extensive than with the use of cautery. The application of a small 
electrode was found most advantageously effective, a current of 0.5 
milliamperes being used for one and a half minutes. 

Birkhauser * in 1921 experimented on the corneas of rabbits and 
then on old corneal opacities. He found that the usual methods of 
treatment did not result in any improvement, while chloride iontophore- 
sis increased the visual acuity. He recommended the selection of cases 
and expressed the belief that the opacities which blend into the normal 
tissue, without sharp borders, are more amenable to treatment. 

Fietta* in 1924 applied atropine ions to break down adhesions and 
found them only moderately satisfactory. In 1932 he* reviewed the 
subject and concluded that only the anterior segment of the eyeball lent 


Read before the Los Angeles County Medical Association, Section of Oph- 
thalmology, March 28, 1938. 
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itself to ionization; the course was long, and many treatments were 
necessary. 

Marri® in 1927 reported 1 case of albuminuric retinitis in which 
general treatment did not bring about any improvement. After twenty- 
eight treatments with ionization the edema disappeared and vision 
improved to 7/10. 

Smith ® in 1927 expressed the belief that zinc ionization is a-potent 
therapeutic weapon. He obtained striking results with corneal lesions 
and emphasized that a current of not more than 0.5 to 1 milliampere 
should be used for not more than a few seconds. For other conditions 
he permitted the duration of the treatment to be increased to two min- 
utes with a current of 2 milliamperes. 

Simon? in 1927 used a 1 per cent solution of potassium iodide in 
rabbits’ eyes for from one to thirty minutes with a current of from 
1 to 5 milliamperes. The aqueous showed penetration of the iodide in 
all the eyes, but none was found in the lenses. 

Steindorff * in 1928 made quantitative estimations of the iodine 
content of the aqueous, vitreous and lens substance of rabbits’ eyes. He 
exposed the eyes to a current of 10 milliamperes for thirty minutes. 
The aqueous showed a considerable amount of iodine, but not a trace 
was found in the lens. 

Cantonnet ® in 1928 found that ionization would temporarily reduce 
tension in cases of glaucoma. ‘He employed solutions of calcium chler- 
ide and sodium iodide for from twenty to thirty minutes. He did not 
advocate ionization -as a substitute for operation but only when the 
operation is refused or contraindicated. 

Protopopoff '° and Malkin ** in 1929 both reported concurrently on 
the treatment of cataract with a 1 per cent solution of sodium iodide. 
They did not find any improvement in the visual acuity, nor could 
they observe any retardation in the progress of the cataract.*™* 
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Ptaschnick ** in 1930 applied the Birkhauser technic; his experience 
was encouraging, even in those cases in which other methods of treat- 
ment failed. At least thirty or forty treatments were necessary before 
improvement could be seen. 

Arruga ** in 1930 applied a solution of ethylhydrocupreine hydro- 
chloride in a dilution of 1: 100 in 21 cases of corneal ulcer. He used a 
' current of 2 milliamperes for from two to four minutes. At the most, 
three applications were necessary. The principal advantage of this 
type of treatment was the thinness of the scar. 

Jusefova ** in 1931 applied atropine iontophoresis in 23 cases in 
which mydriatics were ineffective. In most cases he accomplished 
partial or complete dilation and found that the ionic medication of 
atropine had a definite analgesic action. 

Donin ** in 1931 and Malkin 7° in 1931 used a 1 per cent solution of 
copper sulfate in the treatment of trachoma and found it an acceptable 
adjunct but ineffective if used alone. 

Ossimin 17 in 1931 obtained good results in the treatment of corneal 
ulcer with the use of Cantonnet’s electrode, applying a current of from 
0.2 to 2 milliamperes for from fifteen to thirty minutes. The treatment 
stopped the progress of the disease and led to regeneration of the 
tissue with clearing of the opacities. He recommended ionization as a 
favorable aiding factor in the treatment of opacities of the vitreous and 
recent leukoma of the cornea. The effect was not lasting in cases of 
glaucoma. He used solutions of zinc, sodium iodide, sodium salicylate 
and potassium chloride in dilutions of 1: 1,000 as electrolytes. 

Simon *§ in 1916 used salicylic acid and lithium ions in the treatment 
of episcleritis; Erlanger ?® in 1932 applied histamine in strengths of 
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from 1: 5,000 to 1: 10,000; he also obtained localized mydriasis with a 
solution of epinephrine chloride in a dilution of 1: 1,000 and a 4 per 
cent solution of calcium chloride. He had frequently seen in dogs that 
prolapse of the iris retracted promptly with this form of treatment. 
Bielsky *° in 1934 presented the results of a thorough study of the 
contemporary standing of iontophoresis in the field of ophthalmology. 
He and his co-workers established experimentally that the reflectory 
action of iontophoresis consisted in saturating the skin with ions which 
irritate the “receptor” nerve endings in the dermis. This irritation is 
transmitted to the vegetative nervous system, resulting in the con- 




















Fig. 1—Reparative changes, second stage; dissemination of ions in epithelial 
layers; x 70. 


densatory excitability of the voluntary muscles. If iontophoresis is 
used on cocainized skin, no effect will be produced, which is one of the 
proofs in support of this theory. Since the vegetative nervous system 
most likely regulates all trophic processes in the tissues and in the 
metabolism of each cell, there is the possibility that the vegetative tonus 
will be increased or decreased, thereby influencing the physiologic func- 
tions and the pathologic deviations in the life of the tissues. Bielsky 
recommended more experimentation and a better knowledge of .the 


20. Bielsky, A.: Iontophoresis in Ophthalmology, Sovet. vestnik oftal. 4:123, 
1934. 
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chemical and biologic processes of the tissues in order to obtain better 
results with iontophoresis. 


METHOD OF TREATMENT 


Iontophoresis is a method of treatment by which drugs are intro- 
duced into the body by an electric current. For this purpose the gal- 
vanic current is used, which is uniformly constant, in one direction and 
at low tension ; the rate of flow is from 1 to 30 milliamperes at a voltage 
up to 70. The direct current that we used was derived from a series of 
dry cell batteries. It was preferred to a current supplied by a dynamo 
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Fig. 2.—Reparative changes, third stage; edema of the corneal corpuscles; 


xX 65. 


or motor generator because the flow is always constant. The advantage 
of this simple instrument made up of dry cells is its dependability of 
smooth current, the ease of handling, the convenience of portability 
and the lack of danger from the electric current. The only and slight 
disadvantage is the necessary replacement of the dry cell when it deteri- 
orates ; but this is an inexpensive and simple procedure. 

The instrument is equipped with a milliampere meter to measure 
the dosage; it also indicates the decline of the strength of the battery. 
There is a dial regulator to control the strength of the current and-two 
poles plainly marked for their respective polarity. The conducting cords 
are of flexible copper wire covered with rubber insulation ; the electrodes 
may be made of different metals. We chose a small block of tin plate 








SEECH-COOPER—IONTOPHORESIS 629 


covered with a layer of felt. The purpose of the felt is to diffuse the 
products of electrical decomposition that takes place around the metal 
electrode and thus prevent injuries. The pad is covered each time 
with a clean piece of sterile gauze in order to have a clean surface for 
the treatment. 

The principle of ionic treatment consists in the transportation of 
ions of a certain chemical composition by means of the electric current 
so that they are brought into contact with the tissue ions and intracellular 
organisms. The theory of ionic medication is rational. Failures are 
due to improper technic, imperfect penetration of ions, formation of 




















Fig. 3.—Reparative changes, third stage; edema of the corneal corpuscles; 
x 260. 


insoluble compounds with the plasma and the neglect of the safety rules 
in the use of the galvanic current. Best results follow the application 
of a current of from 2 to 3 milliamperes per square centimeter, with a 
duration of the treatment from two to four minutes. The current 
should be turned on and off gradually. If the metallic part of the 
electrode touches any part of the treated surface, the caustic product 
formed under the metal electrode will cause a tissue damage varying 
from erythema to erosion. 

In order to avpid damage to the tissues, we examine the electrode 
for defects in the covering and for uniform saturation before each 
treatment. The electrode should never be applied over a denuded area. 
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It is more difficult to treat diseases of the eye with ionic medication 
than diseases of any other part of the body, for two reasons; first, the 
anatomic position of the eye makes it difficult to apply the electrode 
properly ; second, a strong current cannot be applied to force the pene- 
tration of the ions into the deeper tissues on account of the sensitivity 
of the cells of the eyes. 

















Fig. 4—Borderline changes, first stage; mild vacuolation; x 100. 


EFFECTS OF IONIZATION ON CORNEA 


To find out what effects ionization would have on the cornea, we 
treated healthy corneas of rabbits with various solutions. It became 
necessary to record the experimental effects of ionization clinically as 
well as histologically. Rabbits were used exclusively, and all corneal 
ionizations were done with the animals under ether anesthesia. The 
histologic sections herewith described were prepared by the paraffin 
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method and routinely stained with hematoxylin and eosin, except in 
special instances in which selective methods of staining were indicated. 
The contralateral untreated eye of every animal received the same 
technical handling from enucleation to staining to serve as a control, 
misinterpretation of technical artefacts thus being avoided. 

We employed solutions of zinc sulfate, zinc chloride, barium chlor- 
ide, sodium chloride, colloidal sulfur and quinine bisulfate. EExamina- 
tions by histologic methods have shown that ordinarily the chemical 
salt solution will enter the corneal tissues and be disseminated through 
them for variable depths, as seen by the tissue reactions in the stained 
preparations. The distance of penetration may be increased even to 




















Fig. 5.—Borderline changes, third stage; distortion and displacement of fibrillae ; 
x 65, 


the posterior pole of the eyeball, which invariably will result in a per- 
manent pathologic change. Although our object and primary intention 
was to observe the advantageous effects of ionic medication, it would 
also be well to mention some of the pathologic manifestations which 
were encountered. 

The effects obtained in the cornea with ionization with different 
solutions follow: 


Zinc Sulfate——vVarious grades of pathologic change can be induced 
with ionization with zinc sulfate, depending on the strength of the 
solution. It appears that only the 0.25 per cent solution is satisfactory, 
providing a current of not more than 1 milliampere is applied for not 
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over three minutes. In our experiments the 0.5 and 1 per cent solu- 
tions consistently showed a tendency to produce vacuolation in the 
substantia propria. A 1- per cent solution applied for a period of over 
five minutes always showed rupture of Descemet’s membrane. 

The healing process with this salt is considerably retarded, which 
makes it necessary to increase the time interval between treatments. 
Enough time is given to insure the return of the tissues to their absolute 
normal resting state. If this is not permitted, it has been found that 
the tissue changes will continue from that point toward a pathologic 
change; in other words, the ionization will be carried past a safety 
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Fig. 6—Borderline changes, third stage; distortion and displacement of 
fibrillae; x 260. 


point, since the next treatment is presumably given while the tissue is 
supposed to have returned to normal. 

Zinc Chloride.—Ionization with zinc chloride was carried out in 
only a small percentage of our experiments since pathologic changes 
were always found in varying grades of severity, even when high 
dilutions were used. Marked edema resulting in bulging of the cornea 
or ulceration’was produced. Microscopically, inflammatory hyperplasia 
of the epithelial elements and exudative inflammatory infiltration of the 
stroma were found. Occasionally rupture of Descemet’s membrane 
was seen. 

Physiologic Solution of Sodium Chloride—The tissue changes 
found on ionization with physiologic solution of sodium chloride were 
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so slight that the treatment was adjudged to be of no therapeutic value. 
Since it is necessary to produce a temporary alteration in the tissues, of 
which this solution was incapable, we saw no advantage in continuing 
with it. 

Colloidal Sulfur.—tlonization with colloidal sulfur is not without 
danger, since particles of sulfur tend to polarize and form minute parti- 
cles of highly charged irritants in the tissue. Microscopic sections 
showed peppered areas of erosion in the corneal epithelial surface. 

Quinine Bisulfate—For ionization with quinine bisulfate,-a dilu- 
tion of 1: 200 appeared to be the solution of choice. The only changes 

















Fig. 7—Pathologic changes, first stage; diffuse inflammatory infiltration; x 65. 


observed were of a temporary nature, such as edema with a return of 
the tissue to normal, mild coarctation of the lamellae and swelling of the 
corneal corpuscles. None of the animals suffered any untoward effects, 
even after the use of as high a concentration as a 10 per cent solution 
for as long as ten minutes with a current of 2.5 milliamperes. 


CLASSIFICATION OF TISSUE CHANGES 


There is a definite sequence of tissue changes in corneas subjected 
to ionization. The entire process may be divided into three classes: 
reparative or therapeutic changes, borderline changes and pathologic or 
destructive changes. Each type of change is seen in several stages. 
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Reparative or Therapeutic Changes.—Such changes are only tran- 
siently pathologic, and the tissues will return to normal after the 
response to ionic stimulation ceases. 

First Stage: This stage consists of ionic irritation and is a super- 
ficial reaction which does not extend past the anterior lamina elastica. 
It is seen clinically as haziness of the cornea. 

Second Stage: Dissemination of the ions in the stratified pavement 
epithelial layer make up the second stage. The clinical appearance is 
that of a light powder-like sprayed area with hazy margins. 

Third Stage: This stage consists of edema of the corneal cor- 
puscles subjacent to Bowman’s membrane; they are distorted but do 
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Fig. 8.—Pathologic changes, second stage; hyperplasia of epithelial elements 
of the posterior lamina elastica; x 65. 


not lose their stellate forms. The lacunar spaces are swollen. Clinically, 
the appearance is that of a moderate degree of opacity. 

Borderline Changes.—These changes are of an indefinite nature. 

First Stage: This stage consists of mild vacuolation which tends 
to crush or displace the lamellae; the tissue is probably reclaimable. 
Clinically, diffuse haziness is to be seen. 

Second Stage: At this stage distortion and rupture of the corneal 
corpuscles occur. It is speculative whether the tissue is reclaimable. 
Clinically, a mild interstitial keratitis is present. 

Third Stage: This stage consists of marked distortion and dis- 
placement of the fibrillae with edematous fluid. 
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Pathologic or Destructive Changes.—When ionic stimulation is car- 
ricd past a point at which the return of the tissue to normal resting 
state is impossible, resulting in a permanent pathologic injury, the 
changes are considered pathologic or destructive. 

First Stage: This stage consists of diffuse inflammatory infiltration 
with polymorphonuclear leukocytes, plasma cells and collagenous histio- 
cytes; later these cells are mainly replaced by lymphocytes. Newly 
formed capillaries may be seen. The cornea bulges foward, and a deep 
keratitis is present. 

Second Stage: Inflammatory hyperplasia of the epithelial elements 
of the posterior lamina elastica occurs during the second stage, and a 
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Fig. 9—Pathologic changes, third stage; ulcerative necrosis, with a ruptured 
Descemet’s membrane protruding into the anterior chamber; x 65. 








thickened tail-like tag of Descemet’s membrane protrudes into the ante- 
rior chamber following rupture. 

Third Stage: This stage consists of dehydration, subsequent coagu- 
lation or ulcerative necrosis. Clinically, the appearance is that of 
ulcerative keratitis with inflammatory exudation. 

Fourth Stage: At this stage reparative fibrosis or scar tissue forma- 
tion occurs. 


EXPERIMENTAL STUDY OF EFFICACY OF IONIZATION 


It is the reparative or therapeutic changes with which we are con- 
cerned. The rationale of ionic medication appears to be in promoting 
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temporary tissue changes; on the return of the tissue to a resting state, 
the rehabilitation of the surrounding normal tissue will commence regen- 
eration in the adjacent diseased tissue. In the cornea with the normal 
absence of blood vessels the response to ionic medication can naturally 
be expected to be different. Stimulation with an electric current causes 
fluid to be brought and interdispersed in the lamellae. The corneal 
corpuscles at first respond by becoming mildly edematous. As this 




















Fig. 10.—Pathologic changes, fourth stage; reparative fibroses (scar tissue) 
formation; x 65. 


process continues, the accumulation of fluid is also carried into the 
lacunae, and there is intracellular pressure on the individual lamellae 
fibers and corpuscles of the substantia propria. It is this modified type 
of cellular coarctation which is the first step toward regenerative irrita- 
tion. By repeating this process at periodic intervals, the alternating 
irritations and relaxations stimulate the tissue in continuing with its 
reparative function. 
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In order to prove the participation of the quinine bisulfate in the 
medicating process after ionization, we have decided on microchemical 
tests, since we failed to demonstrate the quinine salt in the sectioned 
cornea. These tests are strictly comparative and should be attempted 
only in the presence of a normal control, e. g., the contralateral untreated 
cornea of the same animal. Hence comparison is drawn between the 
epithelial scrapings of an ionized cornea and an untreated corneal surface 
from the same animal. At first we used the thalleoquin reaction, thalleo- 
quin being the resultant bromine compound of quinine bisulfate. By 
this method a treated cornea is scraped with a blunt scalpel, and the 
epithelial elements are fixed on a clean slide. The preparation is treated 
with a drop of full strength ammonia water, and then a drop of liquid 
bromine is added. A cover slip on the resulting solution will make the 
material ready for microscopic examination with a high dry objective. 
The corneal scrapings which have been treated with ionization with 
quinine bisulfate will take on an emerald green color due to the forma- 
tion of thalleoquin. The objection to this method, of course, is the 
irritating effects of the fumes from the ammonia and bromine reagents 
on the examiner’s eyes. 

When a number of examinations are to be made, we favor the 
herapathite test, since it is more convenient to perform and perma- 
nent mounts can be made for reference. Briefly, the method consists 
of scraping the treated cornea while the animal is still under anesthesia 
and mounting the material on a slide. Scrapings from the untreated 
eye should always be obtained and placed along side the previous smear 
on the same slide, but the two specimens should not be permitted to 
become confluent. If the material should be clumpy, a little saline solu- 
tion may be used to emulsify the preparations, and thin smears can then 
be made. The slide is carefully fixed by heat after being permitted to dry 
at room temperature. We have previously used egg albumin slide 
fixation but found this step unnecessary. The slide is flooded for two 
minutes with 10 per cent ammonia water and washed off with a solution 
of iodine and sulfuric acid. (The reagent consists of 50 cc. of 95 per 
cent alcohol, 2 drops of concentrated sulfuric acid and 2 drops of tincture 
of iodine. ) 

The preparation is gently heated by passing it through a flame. 
When it is dry and still warm, it is mounted in cedar oil, or for perma- 
nent mounts, in neutral Canada balsam. A large no. 1 cover slip is 
used to include both fields of scrapings. The new substance, herapathite, 
which is an iodine compound of quinine bisulfate, is seen in the ionized 
epithelium as an iridescent, greenish, refractile countenance, as compared 
with the light, reddish brown, opaque epithelial cells of the untreated 
cornea. Old preparations will fail to give this reaction ; hence solutions 
should be in readiness for use as soon as the scrapings are obtained. 
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CORNEAL DYSTROPHY 


Near the termination of experiments of the type described we had 
the good fortune to encounter 2 instances of corneal dystrophy, which 
are reported here. In general, certain consistent clinical findings are 
presented by this condition. Changes of a degenerative nature which 
have an obscure origin are frequently found in the corneal epithelium. 
They have a preference for the exposed area of the palpebral fissure; 
they appear as a rule bilaterally, mostly at puberty, and progress slowly. 
They have been described by different names, but apparently all belong 
to the same clinical group, in different stages of the disease. Essential 
changes appear to be hyaline deposits between the corneal lamellae ; later, 
the lamellae and corneal corpuscles separate, swell up and disintegrate, 
flattening the epithelium and finally destroying Bowman’s membrane. 

The causation of corneal dystrophy is unknown. Several theories 
were advanced, the condition being blamed on impaired nutrition, endo- 
crine insufficiency, dystrophy of the nerve fibers and sequela of corneal 
tuberculosis and consanguinity. Fischer has demonstrated a close rela- 
tion between the transparency of the cornea and its water content. If 
the cornea loses or takes up more than about 20 to 30 per cent of its 
water content, it becomes semitranslucent. He has also shown that the 
imbibition of water is related to the integrity of the epithelium and 
endothelium and that if either layer is injured the cornea becomes per- 
meable to water in both directions. 

Most of the patients have myopia or myopic astigmatism with only 
slight improvement with correcting glasses. According to all authors, 
treatment has been unsatisfactory. 


Case 1—Mr. W. A. S., aged 50, an American, a barber, was referred for 
examination on May 12, 1937. The family history revealed nothing noteworthy, 
and there was no history of intermarriage. The eyes of his two children who 
were over 20 years of age, were in good condition. The patient had had scarlet 
fever, mumps and measles during childhood. Ten years before examination he 
had had a gonorrheal infection. He had never had any ocular trouble. Three 
years before examination he was given a presbyopic correction; the eyes were 
found in good condition at that time. He was a moderate smoker. He ate 
plenty of fruits and vegetables and had meat daily. He first noticed foggy 
vision in the right eye in the early part of May 1937, while reading and cutting 
hair. There had never been any pain or redness of the right eye. 

External examination of the right eye showed the lids to close well; the 
palpebral opening was of normal width. The eyeball moved well in every direc- 
tion. The palpebral and bulbar conjunctivae were smooth and pale. In the lower 
half of the pupillary area the cornea showed a diffuse opacity, about 3.5 by 4 
mm. in cross diameters. There was a wide arcus senilis, and a clear corneal 
space was seen between the opacity and the arcus senilis. The corneal sensitivity 
diminished to touch. The pupil was round and reacted well. Vision was 20/50, 
and tension was 20 mm. (Schidtz). 
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The left eye was normal in every respect. Vision was 20/20, and tension was 
18 mm. (Schiotz). 

Ophthalmoscopic examination showed clear lenses and vitreous. Both disks 
were well defined and vascularized. The vessels were normal. in size and in their 
course. Macular areas appeared normal. 

Biomicroscopic examination of the right eye revealed a grayish diffuse opacity in 
the lower half of the pupillary area, somewhat circular and extending beyond the 
lower border of the pupil. It consisted of numerous small dots, lines and con- 
fluent patches, irregular in shape and not well defined. The covering epithelium 
was uneven and edematous and bulged forward in the formation of small blebs. 
The opacities extended downward to the middle of the stroma. The corneal nerves 
were not enlarged. No vessels were visible in the cornea. Descemet’s membrane 
showed wrinkling. Many floating cells were seen in the anterior chamber. The 
iris pattern was well defined, and a few blood vessels were visible. There was no 
staining with fluorescein. 

General physical examination did not reveal any abnormal condition. Com- 
plement fixation of the blood for syphilis was 4 plus. 

The patient was ordered to apply hot applications and use drops of ethyl- 
morphine hydrochloride and of carotene in oil as preliminary treatment, before 
examination was completed. On June 1 the patient started antisyphilitic treat- 
ment, and at the same time we began ionization of the cornea with a solution of 
quinine bisulfate. On June 13 there was noticeable a clearing of the opacity. The 
improvement continued, and vision on August 31 was found to be 20/30. At the 
last examination, made on Jan. 4, 1938, after twenty-four ionization treatments, 
the following picture was observed: Below the lower pupillary border, in Bow- 
man’s membrane, there was a small grayish patch the size of a pinhead, with 
pigment in the epithelium. A wavy pigment line was seen in the pupillary epithe- 
lium. The posterior corneal surface was studded with dustlike pigment cells; an 
occasional floater was seen in the anterior chamber. The fundus was normal. The 
corrected vision with a plus 0.75 cylinder, axis 165 was 20/20, and the patient 
was able to read Jaeger test type 1. 


Case 2.—Mrs. P. C., aged 44, a housewife, Russian by birth, was referred for 
examination on Aug. 28, 1937. The family history was essentially unimportant. 
There had been no intermarriages. She had had two children; one was myopic 
and wore correcting lenses. The past history disclosed that the patient had had 
typhoid thirty years previously and hysterectomy eleven years previously for 
fibroid tumors. She had never had any inflammation of the eyes. She was 
given reading glasses three years previously. The eyes did not show any defect. 
She did not smoke or drink and ate mostly vegetables and fruits and occasionally 
meat. The present complaint consisted of blurred vision of the right eye of 
several months’ duration. The eyes were never red or painful. 

External examination of the right eye showed the lids to be normal. The 
palpebral opening was of normal width, and the movements of the eyeball were 
in normal limits. The bulbar conjunctiva was slightly injected. In the pupillary 
area of the cornea there was an irregularly outlined, roundish, opaque area, 4 
by 4 mm. in size, which did not stain with fluorescein or mercurochrome. The 
periphery of the cornea was clear. There was diminished corneal sensitivity. The 
pupil was round and reacted well. Vision was 20/100, and the tension ranged 
from 15 to 18 mm. (Schiétz). 

The left eye was normal. Vision was 20/20, and the tension ranged from 15 
to 18 mm. (Schi6tz). 








640 ARCHIVES OF OPHTHALMOLOGY 


Biomicroscopic examination of the right eye showed the pupillary area of 
the cornea to be occupied by an irregularly outlined, grayish opacity, consisting 
of numerous areas the size of a pinpoint, originating in Bowman’s membrane and 
extending toward the center as far as the anterior third of the parenchymal 
stroma. The epithelium was smooth. There were no enlarged corneal nerves 
and no corneal vascularization. The cornea did not stain. Two small precipitates 
were seen on the posterior corneal surface; a few floaters were observed in the 
anterior chamber. The iris was normal. 

The patient was referred again for a general examination which did not show 
any deviation from the normal. Examination of the blood revealed 5,260,000 
red blood cells with a hemoglobin content of 68 per cent, and 12,600 white blood 
cells. The sugar content of the blood was 62 mg. per hundred cubic centimeters 
of blood. Complement fixation of the blood for syphilis was negative. Urinalysis 
gave negative results. 

Preliminary treatment consisted in the use of hot fomentations and drops of 
ethylmorphine hydrochloride and the application of an ointment containing 2 per 
cent quinine bisulfate. On September 16 the patient began treatments with ionto- 
phoresis, a 1:200 solution of quinine bisulfate being used. On October 30 
only a small opacity could be seen below the pupillary border. The last exami- 
nation, on December 14, after fourteen treatments, showed the following picture: 
The bulbar conjunctiva was clear. At the lower pupillary border of the cornea, at 
6 o'clock, irregularly outlined, two faint subepithelial opacities the size of a pinhead 
were seen. In the pupillary area there were several faint small opacities the size 
of a pinhead. There was a pigment line in the epithelium; the anterior chamber 
was clear and the fundus was normal. Uncorrected vision was 20/20 + 3, and with 
a + 0.25 cylinder, axis 165 vision was 20/20. The patient was able to read Jaeger 
test type 1. 


SUMMARY AND CONCLUSIONS 


A review of ionic medication as used in the practice of ophthal- 
mology is presented. 

Animal experimentation for the purpose of investigating the efficacy 
of various medicaments and of establishing the different effects of ionic 
medication has been systematically carried out. 

Two patients with corneal dystrophy have been successfully treated 
by iontophoresis. 

We believe that this method of treatment has a definite place in 
ophthalmic practice. 














INFERIOR IRIDOTOMY IN OPERATIONS FOR 
CATARACT ON EYES WITH POSTERIOR 
SYNECHIAE OR PUPILLARY 
MEMBRANE 


VALUE OF OPERATION 


PAUL A. CHANDLER, M.D. 
BOSTON 


The operative procedure to be discussed in this article may not be 
new to some ophthalmologists. I have not seen it described, however, 
in the literature or in textbooks on ophthalmology and believe it to be 
of sufficient value to deserve emphasis. 

Not infrequently extraction of the lens must be performed when, 
as the result of preceding iritis or iridocyclitis, the iris is adherent to 
the lens and there is more or less pupillary membrane. The need for 
removing the lens may be due to senile cataract, to complicated cataract 
or to the impossibility of obtaining an effective pupil without sacrificing 
a clear lens. In some cases extraction of the lens is required to relieve 
intractable secondary glaucoma resulting from iridocyclitis. In such cases 
operation for cataract should not be undertaken until the inflammatory 
process has long been quiescent, but in spite of this precaution surgical 
intervention often causes a flare-up of the inflammation. Even after 
intracapsular extraction one may see a small drawn-up pupil blocked by 
an inflammatory membrane. Further operation is then necessary to 
obtain satisfactory vision. 

When the inflammatory process is again quiescent after extraction 
‘of the lens, one may be able with a Ziegler knife or a small narrow 
cataract knife to divide the membrane and iris and obtain a good pupil- 
lary opening. In seme cases, however, the membrane may be so tough 
that it is impossible to obtain a good opening without undue trauma to 
the eye. A more effective procedure, although usually involving more 
risk, is iridotomy with one of the various types of scissors through a 
keratome incision. Either of these operations, especially the first, may 
prove ineffective if hemorrhage occurs, as it not infrequently does, from 
dilated vessels of the iris. Furthermore, both operations require cutting 


Read at the meeting of the American Ophthalmological Society, San Francisco, 
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into the vitreous, and secondary glaucoma of a serious nature may result 
from the escape of vitreous into the anterior chamber. They may thus 
prove to be more serious than the original cataract extraction. 

Another type of case in which the extraction of a cataract may result 
in a drawn-up, ineffective pupil is that in which a previous filtering 
operation has been done for chronic glaucoma. There is almost always a 
certain amount of postoperative iritis or iridocyclitis after such an opera- 
tion. In spite of vigorous use of a mydriatic, posterior synechiae not 
infrequently occur, since it is seldom possible to obtain a wide pupillary 
dilatation postoperatively. Cataract extraction in these cases will be fol- 
lowed by a much higher percentage of drawn-up pupils and pupillary 
membranes than in a comparable series of cases in which there are no 
complications. 

It occurred to me that one might be able to forestall the postoperative 
complications just discussed by performing iridotomy below at the time 
of extraction of the lens. The first person on whom I tried this operation 
was a young woman with severe iridocyclitis. The eye showed extensive 
posterior synechiae and pupillary membrane. Eventually the lens became 
opaque, and vision was reduced to the perception of shadows. Secondary 
glaucoma supervened, which was not satisfactorily controlled by the 
ordinary palliative medical and surgical procedures, the latter including 
iridectomy. When the inflammatory process eventually quieted down, 
it was decided to remove the lens in the hope that this might restore 
vision and also have a favorable influence on the glaucoma. At opera- 
tion, after the usual incision was made, the synechiae were freed with 
a spatula. The Noyes scissors were then introduced, and the iris was 
split from the lower pupillary border nearly down to the root. Cap- 
sulotomy was done with a toothed forceps, and the lens was expressed. 
In spite of a severe postoperative flare-up of the inflammatory process, 
a wide pupil remained, and the visual result was good. Incidentally, 
the glaucoma was relieved. 

Since then I have employed inferior iridotomy as a routine during 
cataract extraction in all cases in which there has been previous iritis or 
iridocyclitis or in which a decompression operation for glaucoma has 
been performed. The extent of the iridotomy is graded according to 
the severity of the previous inflammation. When the inflammation has 
been mild, the iris may be split for only 1 or 2 mm., whereas when the 
inflammation has been severe the iris is always split nearly down to the 
root. The objection might be made that this will leave a large unsightly 
pupil, which would cause the patient to suffer from glare. This is, 
indeed, sometimes the case when a larger iridotomy has been performed 
than the subsequent behavior of the eye proved necessary. In most 
cases in which the previous inflammation has been severe, however, 
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even when iridotomy has been performed as far down as possible, 
the strong tendency of the pupil to be drawn up results in a nearly 
normal pupil, so that one would not suspect that iridotomy had been 
done. Even when a more or less unsightly pupil results, this disadvantage 
is more than offset by the excellent visual results and the usual avoidance 
of further operation. 

During the past six or seven years, I have performed inferior iri- 
dotomy, as described here, on approximately 20 eyes. In only 1 case has 
further operation been necessary. In this case, in spite of the per- 
formance of iridotomy nearly down to the root of the iris and intra- 
capsular extraction, a pupillary membrane and drawn-up pupil occurred, 
and poor vision resulted. Subsequently, the lower border of the mem-_ 
brane was easily freed from the iris with a knife needle, and the pupil 
immediately went down, leaving a good opening, which has remained. 

The reports of 2 illustrative cases follow: 


Case 1—Mrs. C. H. P., aged 68, had an ocular condition diagnosed chronic 
simple glaucoma. Both eyes were trephined in September 1931. There was 
moderate postoperative iritis, with the formation of posterior synechiae. Sub- 
sequently, gradual clouding of the lenses took place, until in December 1932 
vision in each eye was reduced to 20/70. It was decided at this time to remove 
the left lens. At operation, after placing a suture on either side of the bleb, the 
usual incision was made, the section being completed in the cornea so as not to 
disturb the filtering cicatrix. Iridectomy was done above. The adhesions were 
freed with a spatula. The lens was removed in the capsule by the Verhoeff 
method. There was considerable postoperative iritis, and the pupil was drawn up. 
Since the bleb and the scar of the corneal section encroached on the pupillary area 
above, only a narrow slitlike pupillary opening remained. The final corrected 
vision equaled 20/30. Reading vision was satisfactory, but the patient had. diff- 
culty in getting around. In 1937 cataract extraction was done on the left eye. 
This time the operation was done exactly as on the other eye, except that 
iridotomy of about 4 mm. was done below. There was moderate postoperative 


iritis; the pupil was drawn up to about its normal position. Corrected vision 
was 20/30. 


Case 2.—Mrs. M. K., aged 50, had previously undergone iridencleisis on the 
right eye for chronic simple glaucoma. There were many posterior synechiae, 
a partial pupillary membrane and immature cataract. The visual acuity was 
20/200. Combined cataract extraction had been performed elsewhere on the left 
eye, some of the capsule being left. There had been severe postoperative iridocyclitis ; 
the pupil had become drawn up and blocked by a dense membrane, partly capsular 
and partly inflammatory. Three attempts had been made to make a pupil, once 
with a Ziegler knife and twice with the Noyes scissors. Each attempt was 
unsuccessful on account of bleeding of the iris. It was decided not to attempt 
further operation on this eye on account of the marked vascularization of the 
iris and membrane. Cataract extraction on the other eye was therefore decided 
on. After the usual section, posterior synechiae were freed with a spatula, 
and iridotomy 4 or 5 mm. long was done below. The lens was removed in 
capsule, Verhoeff’s technic being used. There was marked postoperative cyclitis, 
persisting for a number of weeks. Although the pupil was drawn up to about 
the normal level, a good opening remained, and the visual result was excellent. 
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CONCLUSIONS 


Inferior iridotomy in cataract extraction on eyes that have been 
affected with iritis or cyclitis or that have been operated on for glaucoma 
is recommended to insure a permanent pupillary opening. It is simple to 
perform and perfectly safe, since the lens is still in place to protect the 
vitreous. In nearly all cases the resulting pupillary opening is adequate 
and permanent. No harm is done by the procedure, even if in spite of it 
the pupil closes up. 














RESULTS OF AUTOTRANSPLANTATION OF CORNEA 
INTO ANTERIOR CHAMBER 


THEIR SIGNIFICANCE REGARDING CORNEAL NUTRITION 


TRYGVE GUNDERSEN, M.D. 
BOSTON 


The exact source of nourishment of the cornea and especially of 
its various layers, the epithelium, the stroma and the “endothelium” 
(mesenchymal epithelium), is not known. It is generally supposed that 
the cornea is a relatively inactive tissue with a low metabolism in which 
the nutritive requirements are not great; that under normal conditions 
it derives metabolites partly from the pericorneal blood vessels by a 
process of diffusion and partly from the aqueous humor. A more com- 
plete discussion of the subject of corneal nutrition and of the experi- 
mental evidence for the existing theories is given in another communi- 
cation.t Direct evidence more conclusive than that heretofore produced 
as to the part played by the aqueous in corneal nutrition has been 
obtained by transferring a piece of normal cornea from one eye into 
the anterior chamber of the opposite eye and ascertaining its fate by 
clinical and histologic observations. 

It is not a rare accident in corneoscleral trephining to force the 
trephine disk into the anterior chamber. Elliot ? stated that it occurs 
in 1.6 per cent of cases in which trephining is done. Unless the disk 
carries infection into the anterior chamber or obstructs the trephine 
opening, no harm results. He quoted Elschnig as believing that “the 
aqueous has tissue-dissolving qualities which, in his opinion, is proved 
by the fact that the loose scleral disk, fallen into the anterior chamber 
during trephining, has completely disappeared in a relatively short time.” 
Elhot stated that in his experience the disk becomes hidden by the 
sclera so that it cannot be observed. 

It was my fortune to see such a piece of sclera in the anterior 
chamber of a patient on whom the late Dr. George Derby had done 


Read at the meeting of the American Ophthalmological Society, San Francisco, 
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the trephining operation of Elliot eight years previously. The disk 
was adherent to the surface of the iris 4 mm. below the lower pupillary 
border and held in position by a delicate white membrane. There had 
been little if any shrinkage, and the color was that of normal scleral 
tissue. With the slit lamp, no foreign body reaction was visible and no 
blood vessels could be seen entering the disk. This clinical observation 
indicates that scleral tissue does not dissolve in aqueous but that it may 
live or be well tolerated as a foreign body. However, it throws no light 
on the effect of aqueous on corneal epithelium, since there is no 
epithelium on these scleral disks. 

The viability of all corneal layers in aqueous humor was studied by 
introducing full thicknesses of cornea into the anterior chamber. Experi- 
ments were done on 17 cats and 10 rabbits. 

In the majority of the experiments a large disk of cornea was 
removed from one eye of the animal with the mechanical trephine of 
von Hippel and immediately introduced into the anterior chamber of 
the opposite eye through a small incision made with a keratome. 
Except in 1 instance the disk became adherent to the iris, from which 
blood vessels soon entered the foreign tissue. Preliminary iridectomies 
were done on the recipient eyes of 2 cats and 2 rabbits in a fruitless 
effort to obviate this difficulty. In 2 animals attempts were made to 
keep the disk from adhering to the iris by dislodging it with the point of 
a discission needle, but adhesions always reformed. In 3 instances full 
thickness strips of cornea 3 mm. wide and 10 mm. long were cut from 
one eye and threaded across the anterior chamber of the opposite eye 
through a transfixing incision made with a cataract knife. These 
experiments were no more successful than the others in preventing 
vascularization of the tissue introduced. 


REPORT OF EXPERIMENT 


The following report concerns the single instance in which the 
corneal disk did remain free in the anterior chamber. 


On April 15, 1936, a male cat 5.2 Kg. in weight and approximately 5 years 
old, was anesthetized by means of an intraperitoneal injection of 3 cc. of dial. 
A disk of cornea was removed from the left eye with a mechanical trephine (3.5 
mm. blade) and immediately introduced into the anterior chamber of the right 
eye through a small corneal incision near the upper temporal limbus. There 
was no blood in the anterior chamber after the procedure. The eye was atropinized 
in order to give the transplant a large pupillary space in which to lodge. Imme- 
diately afterward the disk appeared slightly opalescent; it drifted about in the 
semiviscid new aqueous and showed a tendency to remain in the pupillary space. 

The following day the implant was on the lens and surrounded by a delicate 
exudate, apparently fibrin, but was well separated from the free margin of the 
dilated pupil. No appreciable change occurred until the fourteenth day after 
operation, when the fibrin had completely disappeared and the corneal disk moved 
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about freely in the anterior chamber. The disk never again became adherent. 
\Vith oblique illumination it appeared somewhat grayish; with the ophthalmoscope 
a bright fundus reflex could be seen through it, and with the slit lamp the beam 
of light traversed it quite like it does the normal cornea. The disk was always 
found in the lower filtration angle, but if the cat was turned over, making the 
upper angle dependent, the disk slowly sank across the pupil, to disappear under 
the sclera. 

There seemed to be slight shrinkage in the size of the disk during the first 
six months of its presence in the anterior chamber. During this period it also 
became globular and slightly more opaque, simulating the appearance of a kernel 
of sago. No further changes were observed until its removal, on Dec. 14, 1937, 
twenty months after its insertion into the eye. The disk was examined histo- 
logically by Dr. Verhoeff, who submitted the following report: 














Fig. 1—Corneal disk after remaining free in the anterior chamber of the 
other eye of a cat for twenty months; x 37. The corneal epithelium is absent. 
Descemet’s membrane remains, and the “endothelium” has grown entirely around 
the disk. P indicates proliferation of the corneal corpuscles in a small area 
on the anterior surface; C, chromatophores from the iris on the anterior surface; 
S, the space beneath Descemet’s membrane, filled with delicate newly formed 
tissue; E, proliferation of endothelium in a furrow. 


Histologic Examination of Free Implant.—After fixation of the eye in Zenker’s 
fluid, the disk was removed from the anterior chamber, embedded in pyroxylin 
and cut in serial cross sections. Staining was done with hematoxylin and eosin. 
A median anteroposterior section showed the disk to be roughly elliptic, with 
axes of 2.4 mm. and 1.8 mm. (fig. 1). No corneal epithelium could be found on 
it in any sections. The stroma had an extremely sharp margin all around, showed 
no evidence of loss of substance or necrosis and was everywhere free from 
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infiltrating cells. Occasionally a few small vacuoles could be seen just beneath 
the surface. Except for some distortion due to change in the shape of the 
disk, the lamellae appeared normal. They stained with eosin about as uniformly 
as, although somewhat less intensely than, the lamellae of a normal cornea. The 

















Fig. 2.—Area indicated by P in figure 1 under higher magnification. 

















Fig. 3—Area indicated by C in figure 1 under higher magnification, showing 
.chromatophores. There is slight vacuolation of the stroma here. 

















Fig. 4.—Area indicated by S in figure 1 under higher magnification, showing 
delicate tissue and stellate cells in space beneath Descemet’s membrane. 


corneal corpuscles, however, were greatly reduced in number, especially in the 
central portion of the disk. In a small area just beneath the anterior surface 
they had proliferated as they do at the site of a corneal incision, but much less 
markedly (fig. 2). At the cut edge of the disk, however, such proliferation was 
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absent. In another small area on the anterior surface, evidently where the disk 
had been in contact with the iris for a time, there were a few chromatophores 
and several large swollen cells (fig. 3). With the exception of a group of 
eight plasma cells seen in one section, no cellular exudate was found on the disk. 
On the posterior surface of the disk, Descemet’s membrane remained, but 
was more or less wrinkled. Small spaces caused by the membrane separating 
irom the stroma were filled by extremely delicate tissue containing a few 
stellate cells (fig. 4). The so-called endothelium (mesenchymal epithelium) not 
only was present over Descemet’s membrane but had grown entirely around the 
disk, even over its anterior surface, from which the epithelium had disappeared. In 
furrows resulting from the wrinkling of Descemet’s membrane, the epithelium had 
proliferated into several layers, but elsewhere it consisted of a single layer. 
Nowhere had it formed “warts” or a new layer of Descemet’s membrane. 


Histologic Examination of Adherent Implants—Of the adherent implants, 
only five were examined histologically. Two were adherent to the cornea, two 
others to the iris and one to both the cornea and the iris. Each implant was 
sectioned in situ. In each case the epithelium was entirely absent from the sur- 
face of the implant. The corneal corpuscles were more numerous, and the 
corneal lamellae stained somewhat more intensely than in the free implant. On 
the free surfaces of the implants “endothelium” was present. In 1 instance a 
small epithelial cyst had formed where the disk had folded on itself, enclosing 
the original epithelial surface, which was thus completely removed from the 
aqueous. The stroma was slightly vascularized. 


COMMENT 


The clinical and histologic observations in these autotransplantation 
experiments show what changes occurred in full thickness pieces of cat’s 
cornea which remained in the anterior chamber of the opposite eye for 
periods up to twenty months. 

The fact that the epithelium on the surface of each implant had 
entirely disappeared clearly indicates that corneal epithelium cannot 
subsist when nourished by aqueous alone. It is well known that corneal 
epithelium can grow into the anterior chamber through perforating 
wounds, traumatic or surgical. But this does not necessarily mean that 
the epithelium subsists on nutrients which it derives from the aqueous. 
In every case of epithelization of the anterior chamber there are blood — 
vessels in close approximation to the epithelium, which presumably feed 
it. As a matter of fact, demonstration of new blood vessels is often 
necessary to establish the clinical diagnosis of this condition. It is 
true that the epithelium sometimes forms cysts in the anterior chamber, 
but in these instances the conditions are not analogous to those of my 
experiment. The cysts are invariably attached to the iris, the ciliary 
body or the posterior surface of the cornea and contain serum derived 
from blood vessels., 

On the other hand, it is evident that the other corneal tissues can 
live almost unaltered in aqueous for a prolonged period. For the 
stroma showed little change, although in the center of the free disk, 
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the region farthest removed from aqueous, the cornel corpuscles were 
greatly reduced in number. There was no hyalinization or evidence of 
inflammation in any of the implants. Descemet’s membrane remained, 
and the endothelium had grown entirely around the free implant. 

There was no definite reduction in volume of the implanted pieces 
of cornea. The free implant changed its shape from that of a disk 3.5 
mim. in diameter and 0.6 mm. in thickness to that of an ellipsoid with 
a major axis of 2.4 mm. and a minor axis of 1.8 mm. The calculated 
reduction in volume, based on the assumption that the disk had become 
a perfect ellipsoid, was no more than 0.21 cu. mm. The free corneal 
disk, although gradually diminishing in transparency for six months 
after its insertion, never became completely opaque. Incidentally, these 
experiments indicate, contrary to the opinion of Elschnig, that a disk 
lost in the anterior chamber as a result of trephining is not dissolved 
by the aqueous. 

CONCLUSIONS 


It is evident from these direct experiments that corneal epithelium 
does not live when nourished only by the aqueous and excluded from 
its tear supply ; that under these conditions the corneal stroma does live 
for a prolonged period, although its nourishment may be somewhat 
inadequate, and that the so-called endothelium not only lives but 
proliferates. 








AN INTERN’S EXPERIENCES WITH THE 
VERHOEFF METHOD OF CATARACT 
EXTRACTION 


PAUL H. CASE, M.D. 


PHOENIX, ARIZ. 


At the Massachusetts Eye and Ear Infirmary the most popular 
method for the intracapsular extraction of cataract is the “sliding 
method” of Verhoeff. As an intern at this institution I have had the 
privilege of assisting Dr. Verhoeff in many of his operations and of 
being taught by him the technic of his method. My experiences as a 
beginner with this method may be of interest to operators who have not 
yet employed it or who have not attempted intracapsular extraction by 
any method. I shall first describe the technic of the operation, then 
briefly give the results that I have personally obtained by its use and 
finally analyze the few of my cases in which the capsule ruptured. 


TECHNIC 


For anesthesia, 5 drops of a solution containing 4 per cent cocaine hydro- 
chloride and 1 per cent pilocarpine nitrate are instilled at suitable intervals into 
the conjunctival sac; then 0.5 cc. of a 2 per cent solution of procaine hydro- 
chloride with epinephrine is injected subconjunctivally at the insertion of the 
superior rectus muscle, and the same amount is injected into the lower bulbar 
conjunctiva and fornix. The purpose of the pilocarpine is to prevent the dila- 
tion of the pupil by the cocaine. A solution of procaine hydrochloride of the 
same strength is used to obtain paralysis of the muscles of the lid by the Van 
Lint method. _The Murdock speculum is used, and during delivery of the 
cataract it is carefully supported by an assistant to avoid pressure on the eye. If 
the eye is prominent or the palpebral orifice small, canthotomy is done. 

A suture through the tendon of the superior rectus muscle is used routinely 
as a bridle suture. The tendon, with the conjunctiva, is grasped at the scleral 
insertion, and a no. 6 white silk suture is carried through the tendon. The suture 
is then carried through the towel covering the head so as to be anchored when 
tied. If the patient is obviously a “good actor,” the bridle suture is not tied. 
In any case it is not tied until after the speculum has been properly supported, 
and then not tightly. Owing to the subconjunctival injection of procaine hydro- 
chloride, little or no discomfort is experienced when the suture is carried through 
the tendon. , 

Two corneoscleral “track” sutures are used routinely. The first step is to 
sever the conjunctiva from the limbus from 9:30 to 2:30 o’clock and then to 
undermine the conjunctiva sufficiently to permit its being easily pulled over the 
wound. Two sutures (no. 1 black silk) are inserted through the limbus, one 
at about 11 and the other at about 1 o’clock. Each suture is entered 1 mm. 
from the limbus and carried through the cornea and sclera for a distance of 
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about 2 mm. at approximately one-third the depth of these tissues. The needle 
employed is a Berbecker needle (no. 6, % circle). A two-fifths section is made 
at or close to the limbus, so as to cut the original sutures about in half. A no. 1 
black silk, double-armed suture is passed through each of the suture tracks, the 
original black silk sutures serving as guides. After the tracks are rethreaded, 
the cut pieces of the original sutures are removed, leaving a single continuous 
suture in each track. This suture is carried through the conjunctival flap above, 
the suture end from the cornea being placed 1 mm. from the free end of the con- 
junctiva and the suture end from the sclera being placed 2 mm. farther back. 
Thus after the removal of the lens the conjunctival flap may be pulled down so 
as to cover the wound well when the sutures are tied and bring the edges of 
the wound closely and firmly together. At this stage Dr. Verhoeff performs a 
radial iridotomy upward by means of straight scissors. In some cases I have 
modified this by tearing each pillar from its base for a distance of about 2 mm. 
on each side, after the iridotomy has been completed. This procedure gives a 
wider coloboma than does simple iridotomy but has the advantage of permitting 
better exposure of the lens. Possibly it may minimize the danger of secondary 
glaucoma. The coloboma is narrower than that obtained by iridectomy. The 
lens is exposed by prolapsing the pillars of the coloboma on each side or by 
pushing them aside within the eye by means of a spatula. 

The lens is grasped at or just below its equator at 12 o’clock with the Verhoeff 
new capsule forceps. To bring the lens so that it bulges slightly above and 
can be more easily grasped, a slight amount of pressure is first exerted on the 
cornea at or near the limbus at 6 o’clock with a Verhoeff lens expresser. After 
the lens is grasped, pressure is continued with the expresser until the lens is 
dislocated, and at the same time moderate traction is exerted on the capsule with 
the forceps. The amount of traction that can safely be used is judged by the 
tentlike appearance of the capsule as well as by the feeling of resistance. The 
lens is removed by a continued combination of traction and pressure. The point 
of application of the expresser is varied according to the effect produced. If it is 
found advantageous, a rotary effect is produced during traction. It is extremely 
important to keep the lens against the scleral lip to prevent presentation and loss 
of vitreous between the lens and the sclera. If this precaution is carefully observed, 
the danger of loss of vitreous is small. Too often this point is neglected because 
the operator’s attention is focused on manipulating the expresser. 

As soon as the lens is delivered, the corneoscleral sutures are made snug 
but are not yet tied, care being taken that the iris is not drawn up into the 
suture tracks. If the suture through the tendon of the superior rectus muscle 
has been tied, it is cut. The iris is then replaced. The sutures are finally tied 
firmly, so that the lips of the wound are brought closely together, but not so 
tight as to cause wrinkling of the cornea. The final step in the operation is 
the toilet of the wound, which) includes placing gentle traction with the capsule 
forceps at various points on the free margin of the conjunctiva so as to be 
sure that the conjunctiva smoothly covers the wound. No medication is instilled 
into the conjunctival sac after operation. Boric acid ointment is applied to the 
closed lids. A double ocular bandage is put on, and the patient is sent back to 
his room. ; 


In discussing the technic of this operation with other ophthal- 
mologists, frequent comment is made regarding the sutures to this effect: 
“They sound good, but they take too much time and are too much trouble 
to put in and rethread.” The extra time required is often advantageous. 











CASE—CATARACT EXTRACTION 653 


During the first few minutes of the operation the patient is fearful and 
likely to be restless, but later he becomes more accustomed to the manipu- 
lations of the operator. Thus during the later part of the operation, 
when the lens is being delivered, he gives better cooperation. Rethread- 
ing the sutures is not difficult if done properly. The needle holder should 
be held as one does a pen or pencil to give better relaxation of the hand. 
Resting the hand on the side of the patient’s face also allows relaxation. 
When one is rethreading a track, particular care should be taken to see 
that tle needle is exactly parallel to the direction of the track. After a 
corneal track is rethreaded, the wound is sponged and the opening of the 
scleral track can be seen as a small black dot—the cut end of the track 
suture—and can then be easily entered. Some of the advantages of the 
corneoscleroconjunctival sutures are: 1. The lips of the wound are 
tightly held together. 2. There is less astimgatism after the operation 
because of the more exact approximation of the edges of the wound. 
3. The danger of prolapse of the iris is greatly reduced. 4. There are 
fewer postoperative hyphemas. Postoperative hyphema most often 
comes from bleeding of the wound. The sutures prevent such bleeding 
by effecting perfect apposition of the edges of the wound and firm 
closure of the wound. In the experience of the operators who have 
adopted the track sutures, these advantages have been manifest. An 
additional advantage is that the patient may be allowed to sit up the day 
after operation, or in case of necessity he may be allowed to be propped 
up immediately after operation without breaking open the wound. The 
sutures should be allowed to remain two weeks and may be safely left 
in the wound until nearly ready to slough out. In removing them, 
adequate anesthesia is obtained by applying to their sites a solution of 
2 per cent pontocaine hydrochloride or 10 per cent cocaine hydrochloride 
on a cotton-tipped toothpick. 

I have employed the technic described in a series of 57 routine cases. 
In 51 of the cases the lens was removed in its capsule. There was a 
loss of vitreous in 3 of the 51 cases. In 6, the capsule was broken, and 
there was loss of vitreous in 2 of these. In this series the youngest 
patient was 43 years of age and the oldest 77. The average age was 
58 years. Unfortunately the amount of prominence of the eyes was 
not determined for statistical study. In 1 of the 3 cases in which there 
was loss of vitreous the eye was quite prominent, but from several 
equally prominent eyes the lenses were removed intracapsularly without 
this complication. The lenses in 10 of the 51 cases were mature and 
in 41, immature. Postoperative hyphema occurred in 2 of the cases. 
\ brief report is given of the cases in which the capsule ruptured, with 
a discussion as to the apparent cause of the rupture in each. 
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REPORT OF CASES 


Case 1—H. B., a 69 year old man, was admitted to the hospital with an 
almost mature cataract in the left eye and an immature cataract in the right eye. 
He was found on general examination to have a blood pressure of 174 systolic 
and 100 diastolic and severe bronchial asthma with emphysema. The liver was 
enlarged to 3 fingerbreadths below the margin of the rib. Preoperatively, he was 
given ephedrine for the asthmatic condition and 3 grains (0.19 Gm.) of pento- 
barbital sodium to quiet him generally. A good hold on the capsule of the lens 
was obtained, and the lens was about one half way out of the wound when the 
patient coughed, lifted his head off the table and tried to squeeze his eye. The result 
was rupture of the capsule and extrusion of the nucleus of the lens with a con- 
siderable amount of vitreous. The sutures were tied, and no attempt made to 
remove the remaining capsule. That the akinesia produced by the method of 
Van Lint was sufficient was evidenced by the fact that the patient could not 
close the eye at the end of the operation. 


The cause of the ruptured capsule and loss of vitreous in this case 
probably was the lack of proper preoperative medication. Since the 
general condition of the patient and his inability to cooperate at the 
operation were known, he should have been given different sedation. The 
problem was talked over with several physicians, who stated that the 
barbiturates are poorly tolerated by patients of this class. As preopera- 
tive medication, they advised instead 30 grains (1.94 Gm.) each of 
chloral hydrate and triple bromides in addition to epinephrine. Post- 
operatively, they advised 20 grains (1.29 Gm.) of chloral hydrate every 
three hours in addition to epinephrine or ephedrine. 


Case 2.—S. M., a 63 year old man, entered the hospital with nearly mature 
cataracts in each eye. Slit lamp examination before the operation gave negative 
results. The pupils dilated only fairly well, but as complete dilatation is rarely 
obtained in elderly persons, this finding, unfortunately, was passed over lightly. 
The left eye was operated on first, and the lens came out easily in capsule. One 
week later the right eye was operated on. The operation progressed satisfac- 
torily until an attempt was made to dislocate the lens. The temporal side dis- 
located easily with practically no effort, but the nasal side could not be dislocated, 
even after considerable pressure, and vitreous presented in the wound. The lens 
was then scooped, with a slight loss of vitreous. The capsule broke during this 
procedure, and a small amount remained stuck to the lower nasal margin of the 
iris. It was not until then that it was realized that there was a posterior synechia 
which prevented the lens from coming out in capsule. 


Failure in this case to remove the lens in capsule may be considered 
due to carelessness in the performance of the operation. Since it was 
known that the pupil would not dilate fully before operation, a spatula 
should have been swept between the iris and the lens before an attempt 
was made to deliver the lens. For this purpose, Dr. Allen Greenwood 
has made a convenient spatula which conforms to the contour of the 





CASE—CATARACT EXTRACTION 655 


surface of the lens. Fortunately there was a clear central opening, and 
the patient finally obtained vision of 20/30 in the eye. 


Case 3 (two operations).—P. W., a 47 year old woman, two years before 
admission to the hospital began taking dinitrophenol (100 capsules) to reduce 
weight. As there was no loss of weight, the medication was stopped. About 
six to seven months previous to admission the vision in both eyes began to fail, 
and when she entered the hospital it was reduced to about 4/200 in each eye. 
Slit lamp examination showed haziness of the entire lenses with posterior cortical 
changes of the “mincemeat” type. The nuclei were but little sclerosed. Both 
operations progressed satisfactorily until an attempt was made to dislocate the 
lens. An effort was made for thirty-five minutes on the right lens and twenty 
minutes on the left lens before the capsule broke. There was no loss of vitreous. 


The obvious explanation for the breaking of the capsules in this 
case was the age of the patient, 47 years. Lenses have been removed 
in capsule in still younger persons, but this age is about the borderline 
at which the zonular fibers may be expected to be fragile enough for 
intracapsular extraction. Intracapsular extraction should not have been 
attempted on the second eye. 


Case 4.—A. H., a 65 year old white woman, had a mature cataract in one 
eye and a normal second eye with vision of 20/20. Slit lamp examination gave 
negative results. The operation progressed satisfactorily until the lens was 
about one-third out of the wound, when the patient moved the eye and the 
capsule broke, considerable milky cortical material spilling into the anterior 
chamber. Most of the cortical material was removed by irrigation. The patient 
was discharged ten days after operation with vision of 20/50. She returned with 
acute iritis, large keratitic precipitates, fibrin in the anterior chamber and secondary 
glaucoma. The iritis subsided in six weeks, and the final vision was 20/30. 


It is possible, especially in view of the fact that the cataract was 
unilateral, that there had been a previous low grade uveitis which had 
caused the cataract and which was lighted up by the operation. The lens 
was swollen and tense, and the capsule was difficult to grasp. Therefore, 
it required but a slight movement of the eye to break the capsule. The 
larger the hold on the capsule, the more tense it becomes and the more 
easily it ruptures. Therefore especial care should be exercised when 
putting forceps on a swollen cataract. Incidentally, it is to be noted 
that a swollen cataract usually has to mold through the wound and thus 
tends to obstruct loss of vitreous. 


Case 5.—F. B., a white man aged 64, had high myopia in both eyes, a nearly 
mature cataract in the right eye and an immature cataract in the left eye. The 
operation on the right eye was successful in the delivery of the lens in its 
capsule. One week later the left eye was operated on. The vision in this eye 
before operation was 20/200 through a pinhole. .It was expected that the zonular 
fibers would be extremely weak, as they usually are in a patient 64 years of age. 
The operation progressed satisfactorily until the capsule was grasped and an 
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attempt was made to dislocate the lens. Then pressure and traction were applied 
for fifteen minutes, when the capsule broke and the nucleus had to be expressed. 


The explanation for the breaking of the capsule in this case seemed 
to be that the zonular fibers were unusually resistant. 


SUMMARY 


In a first series of 57 attempted intracapsular cataract extractions by 
the Verhoeff method, 51 lenses were removed in capsule. Loss of 
vitreous occurred in 3 of the cases in which the capsule was removed 
intact and in 2 of the 6 cases in which the capsule ruptured. The 
apparent causes of the rupture of the capsule were: poor cooperation of 
the patient due to improper preoperative medication, 1 case; posterior 
synechiae which were not freed before extraction of the lens, 1 case; 
dinitrophenol cataract and the age of the patient (too young for intra- 
capsular extraction), 2 cases; intumescent cataract, 1 case; high myopia 
and unusually resistant zonule, 1 case. 





Clinical Notes 


A COBALT BLUE FILTER FOR OBSERVATION OF 
THE FIT OF CONTACT LENSES 


THEODORE E. Osric, A.B., NEw YorK 


Pressure at the limbus or inside the limbus on the cornea itself is 
without doubt the reason for discomfort from contact lenses in at least 
90 per cent of the patients who complain of inability to wear them 
except for short periods. Any contact lens which rests on any portion 
of the cornea cannot be worn for more than one hour and often for a 
much shorter time. 

Many contact lenses which have been judged as clearing the entire 
cornea have been proved, with a new method of observation, to rest on 
or inside the limbus. This is not surprising in view of the decided diffi- 
culty of observing the actual clearance as the edges of the cornea are 
approached. Part of this difficulty is due to the assumption that the 
corneal portion of the trial contact lens completely covers the cornea. 

Recent observations from castings of 200 eyes, reported in the 
ARCHIVES,’ proved that the cornea was actually wider horizontally than 
the corneal portion of the contact lens in 95 per cent of the eyes observed 
and wider vertically in 30 per cent of the same group. It is therefore 

“most necessary to check the clearance outside of the corneal portion of 
the trial contact lens. 

It is easy to measure, with fair accuracy, the actual clearance of a 
contact lens from the cornea with a slit lamp over the area included 
by an imaginary line 2 mm. inside of the sulcus. Observation from 
this point to 1 mm. outside of the sulcus has remained practically impos- 
sible until recently. The intense white beam of a slit lamp or spotlight 
illuminates to the surface of the contact lens, the sclera and the iris to an 
extent which makes accurate observation of clearance most difficult. 

I have found that a fairly dense cobalt blue filter placed between 
the source of illumination and the eye under examination is invaluable 
for observing the accuracy of the fit of a contact lens to which has been 
added before insertion a buffer solution containing 1 drop of fluorescein. 
Slight staining of the cornea by fluorescein in minute abrasions is also 
easily observable. In each instance the fluorescein will glow brilliantly 
in the blue light and at the same time the anterior chamber, the cornea 
itself and the sclera are not brilliantly illuminated. This does away with 
brilliant surface reflections, secondary illumination from reflections from 
the sclera, iris or corneal substance. A brilliant yellow-green will be 
observed wherever the contact lens is not in contact with the cornea or 
conjunctiva, and a dark area will be observed where the cornea touches 
the lens. Contact on the conjunctiva is indicated merely by the absence 
of fluorescein on the portion in contact. 


1. Obrig, T. E.: Molded Contact Lenses, Arch. Ophth. 19:735 (May) 1938. 
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I have been using a new hand slit lamp * for making complete exami- 
nation of the fit of contact lenses. The lamp is designed to give a 
brilliant white spotlight, a finely defined slit of light for oblique illumina- 
tion and, most important, a cobalt blue filtered spotlight, originally 
intended for examination of the scleral and conjunctival blood vessels. 
It is compact, light and easily handled. It is an ideal instrument for 
this type of work. 


2. This lamp is manufactured by Fryxell and Hill, of New York. 





BLEPHARITIS COMB 


James W. Situ, M.D., New York 


In cases of blepharitis, particularly of the ulcerative type, great 
difficulty is experienced in removing the densely adherent scales. In 
many instances, even after the prolonged use of ointment, shampooing 
of the lashes with bland soap and manual manipulation with cotton or 








Blepharitis comb. 


gauze, a great number of scales and fine scabs are still found firmly 
attached to the skin of the borders of the lids and enmeshed between 
the base of the cilia. 


The comb?! shown in the accompanying illustration consists of eight 
metallic needles, 3 mm. long, covering a width of 3 mm. With this 
instrument the branlike scales of blepharitis squamosa are removed from 
the eyelashes in one treatment. In cases of stubborn blepharitis ulcerosa, 
if the scabs are first made oily by the use of petrolatum or boric acid 
ointment it is possible to remove them without bleeding or discomfort. 
The edge of the skin of the lids is then accessible to medication with 
preparations such as iodine, silver nitrate or brilliant green. 


The points of the needles are not long enough to injure the cornea, 
but in the interest of absolute safety the following technic is employed: 
The patient’s gaze is directed inferiorly ; the lid is raised off the globe, 
and the instrument is held at a slightly oblique angle. The instrument 
can be sterilized, and débris collecting at the base of the needles can be 
removed with ordinary sewing thread. 


Presented at the Eye Staff Conference, Hospital for Joint Diseases, Feb. 24, 
1938. 


1. The comb is manufactured by E. B. Meyrowitz, Inc. 








Abstracts from Current Literature 


EpITep BY Dr. WILLIAM ZENTMAYER 


Bacteriology and Serology 


ATTEMPTS TO DEVELOP IN VITRO OCULOTROPISM OF THE AVIRULENT 
ANTHRAX BACILLUS AND OF PROTEUS VULGARIS. V. SPADA- 
vEccHIA, Ann. di ottal. e clin. ocul. 65: 641 (Sept.) 1937. 


After growing Bacillus anthracis and Proteus vulgaris in mediums 
containing lenticular, retinal and uveal beef tissue, the author studied 
changes in their power to invade the eyes of animals. Previous experi- 
ments concerning the growth of various organisms in the ocular 
mediums are reviewed. The author found that an avirulent strain of 
B. anthracis grew well in broth containing aqueous, vitreous, crystalline 
lens and a mixture of retina and choroid as well as in pure vitreous 
and aqueous. Organisms grown in such mediums remained avirulent 
when injected subcutaneously into guinea pigs. Six day cultures in 
such mediums were injected into the anterior chamber, lens or vitreous 
of a series of rabbits, and cultures of the inoculated tissues were made 
six days after inoculation to determine the presence of living organisms. 
The signs of inflammation produced were limited to slight reaction at 
the site of inoculation, which disappeared after two or three days. 
Cultures of the tissues after six days were negative except for 1 animal 
inoculated in the choroid. For another animal smears showed organisms 
in the vitreous, but cultures were negative. 


Proteus vulgaris was grown in a suspension of uveal and retinal 
tissue. After six days intravenous injections of the material were given 
to rabbits, and after another six days some of the animals were given 
an additional injection of the same material. There was no evidence 
of ocular inflammation, and cultures of the ocular tissues were negative. 
Thus there seems to be no evidence that oculotropism can be developed 
under these conditions, at least for the two organisms studied. 


S. R. Grrrorp. 


Biochemistry 


THE RELATION OF AGE AND PHosPHorIC Acip Esters CONTENT OF 
THE Lens. H. K. MUtter, Arch. f. Augenh. 110: 128, 1936. 


With the methods of hydrolysis devised by Lohman (Biochem. 
Ztschr, 194: 306, 1928), Miller showed that lenses of animals of 
different age groups contained varying amounts of phosphoric acid 
esters. The phosphoric acid esters which are difficult to hydrolyze 
disappear from the lenses of older animals, while those esters which 
are easily hydrolyzable are still present. It is possible that vitamin C 
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is formed from these phosphoric acid esters which are hydrolyzed with 
difficulty, and this may be of importance in maintaining the transparency 


of the lens. F. H. Apter. 
Conjunctiva 


Curonic ConyjunNcTIvITIS Is PRovOKED By UNDETECTED MYCELIAN 
CONCRETIONS IN THE LACRIMAL CANALICULUS.  VAILERE- 
VIALEIX, Bull. Soc. d’opht. de. Paris, May 1937, p. 298. 


In a previous report in the Annales d’oculistique of December 
1933 (page 1030), the author reported a case of this condition. Two 
additional cases are included in the present paper. The outstanding 
symptoms are: (1) the localization of the inflammation and secretion 
at the internal angle of the eye, (2) an intense sensation of continuous 
itching at the inner canthus and (3) entire absence of all local signs in 
the region of the canaliculus with no interference with the drainage 
of the tears. 

Additional factors of importance are the hyperemia and infiltration 
of the conjunctiva with development of follicles and granulations 
under the conjunctiva of the upper lid. Ordinary therapeutic measures 
for acute conjunctivitis cause no change in the condition, and only 
after the concretions are removed from the canaliculi is there a cessation 


of symptoms. L. L. Mayer. 


SPOROTHRLX GRANULOMA OF THE LimBus. G. CAVALLaccr, Arch. 
di ottal. 44: 247 (July-Aug.) 1937. 


A 25 year old farmer presented himself at the clinic, stating that 
two months previously he had been struck in the left eye by a willow 
branch. He experienced only slight discomfort at the time, but later 
recalled rubbing his eye repeatedly with his fingers. 

Fifteen days later he noted a small gray spot at the limbus. In a 
short time the area grew larger, and the surrounding conjunctiva 
became quite red. For a few days before coming to the clinic he had 
experienced a moderate foreign body sensation, lacrimation and 
photophobia. 

The results of the physical and laboratory examinations were 
negative. Ocular examination revealed vision of 1.0 in each eye. In the 
left eye at the limbus between 4 and 5 o’clock was a rounded granuloma 
the size of a millet seed. The mass was firmly fixed to the underlying 
tissue, and its surface was irregularly eroded, with slight central 
dimpling. The conjunctiva surrounding it was slightly red, with a few 
new vessels. Adjacent to the lesion was moderate corneal infiltration. 

Cultures taken after careful cleansing of the area were positive, 
and Sporotrichum beurmanni was isolated. The virulence of the 
organism was proved by injection into the rat, mouse and rabbit. 

Treatment was carried out in the following manner: Potassium 
iodide was given by mouth in increasingly larger doses up to a total 
of 3 Gm. per day. This was poorly tolerated, so that intramuscular 
injections of an iodine preparation were substituted. A 1 per cent 
solution of potassium iodide was used locally. After one month no 
sign of the original lesion could be found. 


F. P. Guipa. 
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Tur Use or StronG SOLUTIONS OF ZINC SULFATE IN MorRAx-AXEN- 
FELD CoNjyuUNCTIviTIs. L. D. Mitzkewitz, Vestnik oftal. 11: 
554, 1937. 


Mitzkewitz used from a 3 to 5 per cent solution of zinc sulfate in 
the treatment of chronic and fresh angular conjunctivitis caused by the 
diplobacillus of Morax and Axenfeld. From four to six swabbings of 
the conjunctiva, without irrigation of the conjunctival sac, were sufficient 
to cause the subjective symptoms, the redness of the angle and macera- 
tion of the skin of the lids to abate. Instillation of 1 drop of cocaine 
hydrochloride prevented the burning sensation caused by the zinc sulfate. 
This treatment was also effective in cases of trachoma. 

The bacterioscopic examination showed no parallelism between the 
clinical picture of the disease and the number of the bacilli present, 
so that zinc sulfate evidently possesses a neutralizing property toward 


the toxins of the micro-organism. 
O. SITCHEVSKA. 


Comparative Ophthalmology 


THE ViIsuAL CELLS OF THE PLATYPUS (ORNITHORHYNCUS). K. 
O’Day, Brit. J. Ophth. 22: 321 (June) 1938. 


The author finds a striking difference in the structure of the visual 
cells of the monotreme Platypus (Ornithorhyncus) from that of the 
visual cells of the marsupial and higher mammals, and a close resem- 
blance to that of the visual cells of the sauropsidea. In addition to 
single cones with oil droplets, double cones are present, the chief 
member only containing the oil droplet. The rods are surprisingly 
massive and do not seem to outnumber the cones. 

The comparative sparcity of the rods is remarkable in view of the 
commonly held opinion that the animal is markedly nocturnal in its 
habits. However, it hunts and feeds freely in brilliant sunlight. 

The finding of double cones in the retina of the monatreme and of 
twin cones in that of the marsupial indicates that the marsupial and 
higher mammals are more nearly related to each other than to the 
monatreme. 

The article is illustrated. W. ZENTMAYER. 


Cornea and Sclera 


THREE CASES OF ANTERIOR SCLEROUVEITIS, Two (ONE BILATERAL) 
OF THE MALIGNANT TYPE (PROGRESSIVE SCLEROPERIKERATITIS 
OF VON SzILy): CLINICAL, HISTOPATHOLOGIC AND BACTERIOLOGIC 
Stupy OF THREE ENUCLEATED Eyes. G. BossaLIno, Arch. di 
ottal. 44: 313 (Nov.) 1937. 


Three cases of progressive scleroperikeratitis of von Szily are 
described by Bossalino. In 1 of these he was able to produce a cure, 
but in the other 2 cases, in 1 of which the condition was unilateral and 
in the other of which it was bilateral, the disease was so severe as to 
necessitate enucleation. Clinical and histologic investigation lead Bossa- 
lino to believe that the disease has its beginning in the sclera and is of 
tuberculous origin. Some evidence of tuberculosis was found in all 3 
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patients; 1 had a strongly positive Pirquet reaction, 1 healed apical 
lesions and a third calcified hilar nodes. Inoculation of an animal 
with material from one.eye produced typical tuberculous lesions, and 
acid-fast bacilli were grown that were undoubtedly tubercle bacilli. 


F. P. Guia. 


INFECTION OF THE CORNEA IN IRRITATION OF THE PERIPHERAL NERVES. 
P. MIKAELIAN and B. Zarcut, Vestnik oftal. 11: 611, 1937. 


A review of the literature on the subject is given, particularly of 
the work done by Metalnikoff at the Pasteur Institute in Paris. 
Mikaelian and Zarchi based their experimental work on Speransky’s 
theory of the relation between the trophicity of the nerves and patho- 
logic processes. 

Strains of Bacillus pyocyaneus, Bacterium coli and Staphylococcus 
haemolyticus were tried in a dilution of one loop to 1, 4 and 10 cc. 
of physiologic solution of sodium chloride. Staph. haemolyticus in the 
last dilution was found to be the most suitable, as it produced a 
prolonged experimental keratitis of medium severity. 

Two series of experiments were conducted with 8 pairs of rabbits 
in each series. The rabbits were anesthetized and either the second 
branch of the trigeminus nerve or the sciatic nerve was exposed, and 
a drop of castor oil was injected into the nerve, which was severed 
below the site of the injection. In some rabbits the nerve was crushed 
between the prongs of a forceps instead of injecting the castor oil. The 
two series of the experiment differed from each other in that in one 
the infection of the cornea with 0.05 cc. of culture of the staphylococcus 
was produced ten days after the traumatization of the nerve, while in 
the second series the infection of the cornea and the irritation of the 
nerve were done simultaneously. In those rabbits in which the nerves 
were irritated ten days previously, the course of- the infection of the 
cornea was milder than in the control group, while in the second series 
the reverse was observed. The results of this experiment indicate that 
the factor of time plays an important role in the relation between the 
irritation of the peripheral nerves and the infection of the cornea. 


Four tables illustrate the article. 
O. SITCHEVSKA. 


Experimental Pathology 


I.XPERIMENTS ON PAPILLARY Stasis. R. Campos, Arch. di ottal. 44: 
211 (July-Aug.) ; 267 (Sept.-Oct.) 1937. 


Campos ligated the optic nerve in 16 rabbits and 2 monkeys at 
various levels, i. e., from just behind the sclera, including the central 
vessels, to a point some distance behind the entrance of the vessels. 
In a few cases the effect of opening the sheath of the optic nerve 
distal to the ligature was observed. Campos makes the following 
observations : 


1. When the ligature contains the central vessels, venous stasis 
makes its appearance immediately, followed shortly by lymphatic stasis. 
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2. Ligation just central to the entrance of the vessels into the nerve 
causes marked papillary lymphatic stasis, with only slight venous stasis. 

3. The more central the ligature, the less severe the edema; it may 
even be so slight as not to form true papillary stasis. 

4. Opening the sheath distal to the ligature has no effect on the 
appearance of papillary stasis. 

Microscopic examination of the nerves and eyes revealed the follow- 
ing changes: 

1. There was a rapidly forming interstitial neuritis near the ligature, 
intense edema of the nerve trunk, extending more peripherally than 


centrally with respect to the ligature, and dilatation of the distal portion 
of the nerve. 


2. The papillary stasis was not accompanied by an inflammatory 
phenomenon if the nerve had not been too severely traumatized. 


3. The spaces of the sheath were extensively obliterated distal to 
the ligature and dilated centrally. 
Campos’ conclusions are as follows: 


1. It is probable that in the nerve tract, central to the entrance of 
the retinal vessels, there is a lymphatic current directed centrally on 
the inside and peripherally in the sheath. 


2. In the more distal portion of the nerve containing the central 
vessels and in the papilla there is a lymphatic current which is directed 
to the exterior following the lymphatic spaces around the vessels. 


3. Papillary stasis is probably secondary to compression of the 
central vessels, at their exit from the nerve, by the edema produced 
by the ligature. The evidence is inconclusive as to whether the inter- 
ference is with the venous flow or with the lymphatic flow. There is 
some evidence to support the latter assumption. 

is eisai F. P. Guipa. 


General 


Tne TootH AND THE Eye. D. A. FriepMAN, Harefuah 13:77 
(Nov.) 1937. 


In this paper the author reviews briefly the history of focal infec- 
tion with special reference to the influence of dental conditions on 
the eye and orbit. He presents 3 cases as classic examples, 1 of 
which is of rather unusual occurrence. It was that of an infant 
2 weeks old who exhibited marked protrusion and lateral displace- 
ment of the right eye caused by subperiosteal abscess in the orbit. 
Other symptoms were edema of the lid and conjunctiva and a sup- 
purative discharge from the nose and from an opening near the 
caruncle, which was much enlarged. Pressure over the superior maxillary 
region and on the roof of the nose brought forth pus from the upper 
jaw which escaped through the baby’s mouth. 

The author believes that this widespread infection originated from 
the embryonic teeth of the child which became infected from an 
abscess on the mother’s nipple. This infection, according to his theory, 
traveled up the superior maxillary bone, entered the ethmoid sinus 
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and caused osteomyelitis in the orbit and superior maxilla. After the 
sequester from the alveolar processes of the superior maxilla was 
removed and ample drainage was established, the baby quickly recovered. 

The other 2 examples were cases of hemorrhagic neuroretinitis, 
the condition in 1 case being due to remaining roots of two superior 
molars and in the other to pyorrhea of the alveolar processes. Recovery 
occurred in both cases as soon as the causes were removed. The author 
is of the opinion that any dental disease or infection may affect the 
eye and orbit either by the contiguity of tissues or by the way of the 
blood and lymph channels. 

Dr. Friedman believes that dental diseases responsible for ocular 
trouble are, in the order of their frequency, (1) abscess, (2) granu- 
loma, (3) pyorrhea, (4) caries and (5) peridentitis; those due to 
diseased teeth, in the order of frequency, are (1) papillitis, (2) uveitis, 
(3) iridocyclitis, (4) opacities of the vitreous, (5) keratitis, (6) pal- 
pebral and blepharal edema, (7) conjunctivitis, (8) exophthalmos, 
(9) cellulitis of the orbit and (10) meningitis. 

B. L. Gorpon. 


General Diseases 


RETROBULBAR NEURITIS IN PELLAGRA. M. FINE and G. S. LACHMAN, 
Am. J. Ophth. 20: 708 (July) 1937. 


Fine and Lachman report retrobulbar neuritis in 3 cases of pellagra 
in which the cutaneous lesions led to the correct diagnosis. None of 
the patients exhibited the cecocentral scotomas said to be characteristic 
of tobacco-alcohol amblyopia. The authors speculate as to the relation 
of the pellagrous syndrome to the visual disturbances and the effect of 
alcohol. According to them: “It does not seem improbable that a 
relationship such as exists between vitamin-B, deficiency and the 
peripheral nervous system may also exist between vitamin-B, (G) 
deficiency and the central nervous system, of which the optic nerve is 
a part, and that in each case the alcoholism plays only an indirect role. 
Such a quantitative relationship would offer an explanation of the 
fact that some severe alcoholics never suffer from amblyopia, while 
other relatively moderate drinkers suffer serious insult to the visual 
fibers. 

“One wonders, also, whether many cases of ‘alcohol and tobacco’ 
amblyopia are not complicated by a deficiency of vitamin G.” 


W. S. REESE. 
Glaucoma 


A Note on DiAstTotic PRESSURE AND GLAUCOMA. I. HARTSHORNE, 
Am. J. Ophth. 20: 724 (July) 1937. 


Hartshorne calls attention to the fact that in cases of glaucoma in . 
which the diastolic blood pressure is low a subnormal retinal blood 
supply may result, followed by atrophy of the optic nerve, as shown 
by concentric contraction of the field of vision. In these cases an effort 
should be made to increase the diastolic pressure and to decrease the 
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ocular tension, as the glaucoma is not dominating and not the cause 
of this type of contraction of the field of vision. The author cites 2 
cases in which operation was avoided by treatment along such lines. 


W. S. REESE. 


JUVENILE GLAUCOMA WITH ANGIOMATOSIS OF THE RETINA.  L. 
Maruccli, Arch. di ottal. 44: 163 (May-June) 1937. 


Both eyes of a 30 year old woman with bilateral glaucoma showed 
a vascular anomaly which Marucci calls angiomatosis of the papillary 
region. The malformation was probably an atypical division of the 
central retinal artery with a disorganized arrangement of its branches. 
It seemed possible to Marucci that the glaucoma could have been due 
to a hypersecretion of aqueous and a congestion associated with a 
similar vascular anomaly in the ciliary body. ; 

F. P. Guia. 


Injuries 


DIMETHYL-SULPHATE POISONING IN RELATION TO OPHTHALMOLOGY. 
S. DE Grosz, Am. J. Ophth. 20: 700 (July) 1937. 


De Grosz describes dimethylsulfate and its toxicology, particularly 
as to its effect on the eye. It is an extremely strong poison and was 
used in the World War together with chlosulfonic acid as a tear gas, 
though it is really irritating and corrosive, experiments showing that 
in the tissues it slowly hydrolyzes into sulfuric acid and methyl alcohol. 
De Grosz presents the following summary : 

“The chemical and pharmacologic properties of dimethyl sulphate 
have been discussed and its toxic action on the experimental animal 
and on man described. Four cases are presented with analysis of 
symptoms and methods of treatment.” , 

W. S. REESE. 


Instruments 


THE Souter ToNOMETER. F. H. VERHOoEFF, Am. J. Ophth. 20: 720 
(July) 1937. 


Verhoeff recommends the Souter tonometer and describes his method 
of using it. He regards it as much more accurate and less dangerous 
than the Schiotz tonometer, its one disadvantage being the difficulty of 
determining the amount of indentation of the cornea at which the instru- 
ment is to be read. 

W. S. REESE. 


A MoptFiep Briccs’ RETRACTOR FOR DACRYOCYSTORHINOSTOMY. H. B. 
STALLARD, Brit. J. Ophth. 22: 361 (June) 1938. 


The modification of Briggs’s retractor reported in this article con- 
sists of a broad bladelike termination of the shank on the temporal side. 
This shank is armed with three blunt, curved claws, and in addition there 
is a slot for the purpose of inserting a curved guard. The article is 


illustrated. W. ZENTMAYER 
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Lens 


CALCIUM CONTENT OF THE CRYSTALLINE LENS IN EXPERIMENTAL 
PARATHYROPRIVAL CATARACT. S. RINALDI, Ann. di ottal. e clin. 
ocul. 65: 667 (Sept.) 1937. 


The literature on cataract in parathyroidectomized animals and on 
the inorganic constituents of the normal and cataractous lens is reviewed. 
Fourteen rabbits were submitted to parathyroidectomy. Definite corti- 
cal opacities developed in the lenses of 6 animals, but these remained 
limited to the subcapsular cortex. In a seventh animal complete cata- 
racts developed. One eye of each animal was removed before operation, 
and the second eye was removed from five to sixty-five days after 
operation. Eight normal beef lenses, 8 human lenses with cortical 
cataracts (senile), 1 human lens with sclerotic cataract and 1 human 
lens with cataracta brunescens were studied for comparison. The normal 
beef lenses showed an average calcium content of 0.085 mg. per hundred 
cubic centimeters. In 3 animals which died with tetanic seizures before 
opacities of the lens developed, calcium was reduced in the second eye 
to approximately half the amount found in the eye removed before 
operation. The amounts were 0.20 mg. per hundred cubic centimeters 
in the first eye and 0.10 mg. in the second eye of 2 of these animals. In 
those in which cataract developed, however, the amount of calcium in the 
second eye was increased, often to twice the amount present in the first 
eye (0.15 mg. per hundred cubic centimeters in the first eye and 0.36 
mg. in the second eye of 1 animal). In the animal with total cataract 
the amount in the cataractous lens was 2.12 mg. This last figure com- 
pares somewhat closely with the findings for human cataract, in which 
2.94 mg. was found in the cortical type, 3.03 mg. in the sclerotic type 
and 2.92 mg. in the cataracta brunescens. Since the amount of calcium 
in the aqueous and vitreous of parathyroidectomized animals has been 
found to be below normal, the author believes that his findings point to 
an increased permeability of the capsule of the lens in such animals. 
An increase in the weight of the lenses showing an increased calcium 
content is also in favor of increased permeability of the capsule, result- 
ing in increased inhibition of water. Other evidence indicates that the 
pu of the blood and aqueous increases in such animals, which may also 
be a factor in the chemical changes within the lens and the resulting 
precipitation of the lens proteins. < © tection 


PARATHYROID GLANDS AND THE Eye. G. LoCascio, Ann. di ottal. e clin. 
ocul. 65: 801 (Nov.) 1937. 


This paper is a résumé of the author’s report at the Fifteenth 
Ophthalmological Congress. The author reviews the clinical picture of 
cataract in cases of parathyroprival tetany. Aside from the cases seen 
after thyroidectomy, of which some 70 have been reported, a number of 
cases of stratified opacities of the lens developing in infancy in associa- 
tion with tetany and low blood calcium and the cases developing in young 
mothers are considered as due to parathyroid deficiency. A few cases 
seen in adults not associated with any of the foregoing conditions, but 
with various symptoms of tetany, are probably of similar nature. A 
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study of experimental parathyroprival tetany in rabbits made at the 
University of Naples by a group of observers brought out the following 
facts: 

After parathyroidectomy opacities of the lens developed in 60 
per — of animals. 

. There was no definite relation between the appearance of the 
sei and tetany. While in many animals tetany preceded the opaci- 
ties of the lens, in others this order was reversed, while in still others 
opacities of the lens developed without any signs of tetany being 
observed. 


3. The first opacities were seen from ten days to four weeks after 
operation. In only 3 animals did the lenses become completely opaque. 


4. Chemical study of the blood and aqueous of the animals showed : 
(a) a slight but definite increase in the py of serum, aqueous and lens; 
(b) no changes in the chlorides or electrical conductivity; (c) no sig- 
nificant change in the ascorbic acid of the aqueous; (d) no change in the 
respiration (oxygen consumption) of the lens in partial cataract but a 
marked reduction in complete cataract; (¢) no definite changes in 
ascorbic acid or glutathione in the lens; (f) constant reduction of the 
glycolysis and entire absence of glycolysis in complete cataract; (g) an 
increase of the amino nitrogen of the lens; (h) a constant increase in 
the calcium in the lens, the increase amounting to fourteen times the 
normal in complete cataract; (7) slight displacement of the isoelectric 
point of the lens to the acid side; (7) an increase of the water content 
of the lens; (&) no change in the inorganic phosphorus of the vitreous, 
and (/) changes in the capsular epithelium similar to those seen in other 
tvpes of experimental cataract and in senile cataract. 

The author believes that the more alkaline reaction of aqueous and 
lens, by increasing inhibition of water, the decrease in calcium in the 
aqueous, by making the lens capsule more permeable, and the increase 
in calcium in the lens, by favoring precipitation of the lens proteins, are 
the most important chemical changes responsible for the opacities of 


the lens. 
wie S. R. GIrrorp. 
Methods of Examination 


THE OPHTHALMODYNAMOMETER AND Its DraGNostTic VALUE. E. 
Horniker, Ann. di ottal. e clin. ocul. 65: 832 (Nov.) 1937. 


The author employed the ophthalmodynamometers of Bailliart and 
of Sobanski. He found the diastolic pressure of the retinal arteries in a 
series of normal persons to be from 30 to 35 mm. of mercury and to be 
half that of the diastolic brachial pressure. 

In a series of 200 patients at a psychiatric hospital, he found an 
increase in retinal blood pressure with normal systemic pressure to be 
frequent in those with post-traumatic epilepsy and cephalalgia and 
also in postencephalitic patients. In a series of patients with tumor of 
the brain the correlation between retinal blood pressure and cerebro- 
spinal pressure as determined at lumbar puncture was by no means 
constant, although some parallelism was observed. The relation between 
pressure in the central vein and intracranial pressure would seem to be 


more constant. 
S. R. GIrrorp. 
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Ocular Muscles 


ANATOMIC AND CLINICAL STUDY OF THE INSERTION OF THE OBLIQUE 
Musctes. M. SMALTINO, Ann. di ottal. e clin. ocul. 65: 585 ( Aug.) 
1937. 


The author made exact measurements on 13 eyes operated on for 
retinal detachment and on the eyes of 15 cadavers. The anterior extrem- 
ity of the insertion of the superior oblique muscle was usually from 15 
to 17 mm. from the limbus. It was usually situated on a meridian 
making an angle of from 14 to 20 degrees with the meridian bisecting 
the superior rectus muscle. The anterior extremity of the insertion of the 
inferior oblique muscle was in most cases from 15 to 18 mm. from 
the limbus and was located along a meridian ‘making an angle of from 
14 to 15 degrees with a line bisecting the external rectus muscle. For 
the frequency of various slight variations from these locations, the 


sas . < 1 d < 
original article must be consulted S. R. GIFrorp. 


Operations 


PLAstTiIc OPERATIONS ON THE Lower LID, witH EspecIAL Consip- 
ERATION TO THE PROBLEM OF CARCINOMA. T. SCHORNSTEIN, Arch. 
f. Augenh. 110: 549, 1937. 


The literature on the treatment of carcinoma of the lower lid reveals 
two main points of view. One group believes that operation is indicated 
because of the recurrences after intensive radiation and the failure in 
many cases of roentgen rays or radium to stop the spread of the growth. 
This group also points out the dangers attendant on roentgen treatment 
of cataract and destructive iridocyclitis. Those who favor, radiation 
therapy point to the marked disfiguration caused by surgical removal 
of these growths. 

Schornstein believes that surgical removal is on the whole the most 
satisfactory and sets forth in this paper his methods whereby good cos- 
metic results can be secured in the majority of cases by carefully planned 
plastic operations. In brief, these are as follows: 


1. The tumor is removed by a wedge-shaped incision, the base 
corresponding to the site of the tumor on the lower lid and the apex 
extending down onto the cheek. 

2. The conjunctiva is freed from the margin of the lid from a point 
at the middle of the upper lid, extending out to the temporal canthus 


and down to within 2 mm. of the temporal side of the growth on the 
lower lid. 


3. A curved incision is now made from the outer canthus up to the 
level of the brow and outward over the temple, curving down in front 
of the ear to about the level of the tragus. 

4. The wedge-shaped piece of skin, including the tumor, is removed, 
and the whole temporal flap is swung down into position, where it can 
be stitched into place, filling the defect left by the removal of the wedge- 
shaped piece. By undermining above, the temporal defect can be closed. 


Pictures of 3 patients so treated are presented. 


F. H. Apter. 
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Orbit, Eyeball and Accessory Sinuses 


SmootH MUSCLE OF THE PERIORBITA AND THE MECHANISM OF 
ExoPpHTHALMOs. C. E. Brunton, Brit. J. Ophth. 22: 257 (May) 
1938. 


Brunton reviews the work of anatomists in reference to “Miller's 
orbital muscle” and gives a translation in full of Miller’s article pub- 
lished in 1858. The following summary is presented : 


(1) The whole orbital region was removed in one piece from the 
heads of cats and dogs. After fixation, decalcification and celloidin 
embedding, sections were stained by different methods. 


(2) Sections at various planes show how smooth muscle and 
elastic tissue joint with collagenous fibres to form the periorbital mem- 
brane known as Miiller’s orbital membrane or muscle. This is a funnel- 
shaped structure, having its apex round the optic foramen and attached 
in front to the orbital margin. In planes behind the eyeball it contains 
much smooth muscle. Its contraction increases pressure behind the 
globe and forces the globe forward. Its relations to the investing fascia 
of the extrinsic muscles of the eye and to the secreting glands of the 
orbital region are considered. 


(3) Miiller’s orbital muscle in the lower animals is the final 
mechanism in them for proptosis. Muller’s orbital muscle in man cannot 
by itself produce proptosis. 

(4) Photomicrographs show smooth muscle behind the eyeball in 
the upper and outer periorbita of human subjects, whether normal or 
suffering from Graves’ disease. This muscle may be the functional 
analogue of the periorbital membrane of the lower animals and be a 
mechanism for the production of exophthalmos in man. 

(5) The nomenclature of the smooth muscle in different situations 
is discussed.” 

Brunton believes that if Muller’s alternative name of “orbital mem- 
brane’’ were reserved for the structure in the lower animals and the 
name “orbital muscle” for the muscle in the region of the inferior 
orbital fissure in man, a distinction in the functioh of the two would 
he suggested. 


Numerous illustrations accompany the article. . 
W. ZENTMAYER. 


The Pupil 


Tonic Pupit AND Its RELATIONSHIP TO ADIE’s SYNDROME. T. 
ALAJOUANINE and PrerrE-V. Morax, Ann. d’ocul. 175: 205 
(March) 1938. 


Since the publication by Adie in 1931 and 1932 on the syndrome 
which now bears his name and which associates certain pupillary dis- 
turbances with tendinous areflexia, numerous reports of a similar nature 
have appeared. The authors consider many of the reported disturbances 
atypical and not to be included in this group. 

Adie’s syndrome, when complete, is recognized by (1) certain 
pupillary disturbances, usually unilateral, consisting of, to use the 
authors’ expression, the tonic pupil, the features of which are sum- 
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marized as apparent absence of photomotor reflex and a special slowness 
of the synkinetic contraction in convergence and also of the dilatation 
which follows; (2) absence of some or even all tendinous reflexes of 
the extremities; (3) various sympathetic disturbances, and (4) an 
unknown etiology. 

A historical review is given, showing that before Adie’s description 
in 1932, the tonic pupil was already well known, being first described 
by Piltz in 1900. Then follows a clinical study of the condition based 
on 8 personal cases and 92 reported in the literature. The study is 
divided into (1) onset, and (2) details of the syndrome. Seventy-five 
per cent of the cases occurred in females, and 85 per cent of the patients 
were young. The different types of pupillary disturbances, the ocular 
disturbances outside the iris and the neurologic and general symptoms 
are described. The article is to be continued. 

S. H. McKee. 


Physiologic Optics 


OpTIcAL DECENTRATION OF THE Eve. A. I. DASHEVSKIy and D. G. 
Busumicn, Am. J. Ophth. 21: 125 (Feb.) 1938. 


This article does not lend itself to abstracting. The authors present 
the following conclusions : 


“1. The angle kappa does not lie precisely in the horizontal plane. 

“2. The angle of the plane’s incline of the angle kappa to the 
horizontal does not exceed 25 degrees. 

“3. The measurement of the angle kappa by our method of a double 
localization of the light reflex appears to be the most precise of all 
proposed methods. 

“4. In most cases the visual line passes through the cornea inwards 
and upwards from the corneal center. 

“5. The slight degree of error in our method permits its application 
for clinical practice and theoretical use and appears to be the smallest 
as regards the other methods.” . 

W. S. REESE. 


CONSTITUTION OF THE REFRACTED LIGHT BEAM IN THE ACCOM MODATED 
Eye. P. Vitro, Ann. di ottal. e clin. ocul. 65: 525 (July) 1937. 


This article is difficult to abstract. The author believes that displace- 
ment of the pupil to the nasal side during accommodation aids in neutral- 
izing the usual horizontal asymmetry of the eye, bringing about increased 


symmetry of the resulting image. 
y ‘ 8 8 R. GIFFORD. 


Physiology 


BEHAVIOR OF THE INTRAOCULAR PRESSURE IN ACUTE INTRAOCULAR 
VascuLar Reactions. F. Poos, Arch. f. Augenh. 110: 499, 1937. 


Subconjunctival injections of various drugs were given to a series 
of rabbits, and the intraocular pressure was measured by a tonometer 
over a period of twelve hours. When sympathomimetic drugs were 
injected, such as epinephrine hydrochloride, there was a slight transitory 
fall in the intraocular pressure, which was soon followed by a rapid 
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and more marked rise. After this, during the twelve hours there 
occurred a series of rises and falls in pressure of diminishing extent, 
until the pressure gradually returned to the normal level. 

Subconjunctival injections of parasympathetic drugs produced the 
same picture, with the exception that in place of the preliminary fall 
in pressure there occurred a slight rise. Injections of ethylmorphine 
hydrochloride or salt solution (2.5 per cent) gave the same results. 
~ Poos draws the conclusion that the effect on the intraocular blood 
vessels of all of the drugs is not a pharmacologic but a toxic one and 
that the vessels react the same way to all toxins regardless of their 
specific pharmacologic effect. The result is the same type of pressure 
change in the eye. 

The rhythmic changes in pressure are due to a direct vasodilator 
action on the arterioles and capillaries. This results in an outpouring 
of a protein-rich aqueous and an increase in the intraocular pressure. 
The dilatation of the veins causes a marked venous stasis, which in 
itself effects a further rise in the hydrostatic blood pressure within 
the eye and thereby increases the already elevated intraocular pressure. 
By this time, however, the change in the composition of the blood 
produces a local reactive effect on the capillaries, as a result of which 
they start contracting. This leads to a fall in pressure, and if the 
effect of this counterbalancing action were of constant duration and 
of equal intensity, the intraocular pressure would return gradually to 
normal. This does not occur, however, according to the author, and 
the result is a series of more or less rhythmic rises and falls, as one 
activity overcomes the other. 

By artificially lowering the hydrostatic blood pressure before giving 
the subconjunctival injections, or by removing the influence of the 
vasoconstrictor fibers to the capillaries by extirpation of the superior 
cervical ganglion, Poos was able to avoid these rhythmic changes in 
pressure and thus to prove their dependence on the vascular system 


within the eye. F. H. ADLER 


Refraction and Accommodation 


VisuaL DEFEcTs IN 11,021 ScHoot CHILDREN oF MILAN. M. PAGANI, 
Ann. di ottal. e clin. ocul. 65: 812 (Nov.) 1937. 


Of a large number of school children examined, 12.5 per cent had 
visual defects. Hyperopia was found in 3,605, astigmatism in 2,868, 
myopia in 2,451, anisometropia in 803 and amblyopia in 659. Stra- 
bismus was seen in 909, which is approximately 0.10 per cent of the 
student body during the period of twelve years, or 8 per cent of the 


number with visual defects. 
S. R. GIFForp. 


FAMILIAL HyYPERMETROPIA OF HIGH DEGREE: CONSIDERATION OF 
THE PATHOGENESIS OF AMETROPIA. G. Cavatvacci, Arch. di 
ottal. 44: 178 (May-June) 1937. 


Three siblings of consanguineous parents showed a high degree of 
hypermetropia. After careful consideration of his own cases and those 
described in the literature, Cavallacci concludes that an eye showing a 
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high degree of hypermetropia does not present a true anomaly but 
manifests, in exaggerated form, the characteristics of the eye with 
the usual degrees of hypermetropia. This makes the problem of etiology 
one and the same. 

Examination of the cranial measurements in the author’s cases and 
in the cases of usual axial ametropia revealed a frequent association 
between brachycephaly and hypermetropia and between dolichocephaly 
and myopia. Cavallacci feels that this is an expression of an embryonal 
condition common to both the head and the eye; i.e., the cephalic 
anlage possesses morphologic characteristics that are congenitally fixed 
and in later development are transmitted either to the head itself or to 
the optic vesicle. 

These congenital morphologic factors are probably hereditary in 
accordance with the frequent hereditary and familial character of the 
various ametropias. In conclusion, Cavallacci expresses the opinion 
that the aspect of consanguinity strengthened the hereditary factor of 
hypermetropia which was present in the family, resulting in the exag- 
gerated expression of hypermetropia observed in his cases. 

Included in the article is a statistical table showing the refractive 
errors found at the Royal Eye Clinic of Pisa from 1916 to 1936 and 
demonstrating the rarity of the condition described in addition to the 
frequency of other ametropias. FP. Gu 

= . GUIDA. 


Retina and Optic Nerve 


THE CHIASMAL SYNDROME AND RETROBULBAR NEURITIS IN PREG- 
NANCY. A. HacGepoorn, Am. J. Ophth. 20: 690 (July) 1937. 


Hagedoorn reports the case of a pregnant woman in whom retro- 
bulbar neuritis developed, which improved rapidly after delivery. She 
again ‘became pregnant, and visual disturbances developed; a diagnosis 
of suprasellar tumor was made. A large suprasellar meningioma was 


found, but the patient died a few hours after operation. Hagedoorn 
concludes : 


“In pregnant women, perfectly healthy in other respects, may occur 
a gradually progressive failure of vision and temporal hemianopsia, 
usually affecting only one side in the beginning, but becoming binocular 
in the course of the pregnancy. (In my case the first evident symptom 
was a unilateral central scotoma.) At that time, generally, the seventh 
month of pregnancy has been reached. Optic pallor or atrophy may 
follow. The condition generally returns earlier and more seriously in a 
following pregnancy and may lead to invalidity. 

“Nearly always the symptoms disappeared more or less completely 
after delivery, amelioration beginning even in the first days after 
delivery. 

“Tf the sella is normal this clinical picture may be caused by the 
affections listed by Cushing, of which suprasellar meningioma is the 
most frequent and important, the symptoms of which become mani- 
fest only by the physiological hypertrophy of the hypophysis during 
pregnancy. ... 

“In addition to the possibilities stated by Cushing, the possibility 
of retrobulbar neuritis in pregnant women must be considered, which 
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disease is stated to occur in pregnancy. . . . In the future, in cases 
of (retrobulbar) neuritis in a healthy pregnant woman special attention 
should be given to the visual fields. , 

“In cases with bitemporal hemianopsia, if vision in the better eye 
diminishes to 1/3 to 1/2, pregnancy should be terminated. If abortion 
is refused, one may wait till vision in the better eye is 1/10. If a living 
child is not possible at that time I believe treatment by the neurosurgeon 
is indicated. . . . 

“A following pregnancy should be avoided.” W. S. REESE. 


JUVENILE Form oF FAMILIAL AmAurotTic Ipiocy. V. PATERNOSTRO, 
Ann. di ottal. e clin. ocul. 65: 561 (Aug.) 1937. 


Only 9 cases of familial amaurotic idiocy: were found reported in 
the Italian literature. The author reports a tenth case, with a review 
of the literature. His patient was a boy of 7, of Italian parents. The 
family history was unimportant, although the healthy sister was only 4 
years of age. The child developed normally, both mentally and phys- 
ically to the age of 5 years, when visual disturbances were noted, 
especially in bright daylight; vision was better in twilight. About a 
year later convulsions began, accompanied by signs of mental deteriora- 
tion. By this time vision was reduced to perception of light. When 
the child was first seen by the author she was unable to walk or to 
speak except for the repetition of words. Both nerves were white and 
their arteries threadlike, and some branches were apparently occluded. 
Light punctate deposits were present all over both fundi, including the 
macular areas. No perception of light was present in either eye. The 
history of visual loss affecting first the central and later the peripheral 
portions of the fields, as indicated by better vision at night in the early 
stage of the disease, and the fundus picture of “retinitis pigmentosa 
without pigment” were considered by Stargardt as typical of the juvenile 
form of amaurotic idiocy as distinct.from the picture seen in the 


infantile form. . pe & 
. R. GIFFOoRD. 


MULTIPLE CIRCUMSCRIBED RETINAL DETACHMENT. J. L. Pavia and 


R. > TarTARI, Arch. de oftal. de Buenos Aires 12: 436 (July) 
1937. 


A case of multiple circumscribed retinal detachment following trau- 
matism is.reported. In the temporal portion of the retina there was a 
parapapillary cyst with a diameter of 3 papillary diameters and a height 
of 8 diameters ; a second cyst, of 7 papillary diameters and 3 papillary 
diameters from the other cyst, extended to the ora serrata. In the 
nasal half of the retina there were signs of an old rupture and loss of 
transparency of the lower half of the retina. CEF 

. E. FINnvay. 


CALCIUM DEPOSITS IN THE NEIGHBORHOOD OF THE CHIASM IN Dis- 
TURBANCES OF THE Optic Nerve. M. GLees, Arch. f. Augenh. 
110: 120, 1936. 


The author found deposits of calcium in the neighborhood of the 
chiasm in 27 of 40 patients over 50 years of age. Roentgenographic 
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examination showed calcification of the carotid artery in 5 of the 27 
patients. Only 1 of these patients presented the typical symptom com- 
plex of pseudoglaucoma, whereas one fifth of them with true glaucoma 
showed similar changes. 

It seems doubtful whether the deposits of calcium in the carotid 
artery have any direct bearing on the causation of the diseases of the 
optic nerve. So far no direct proof of this has been offered, and 
Glees’ findings do not support such a contention. 1. pete 


PaTHOLoGIcC ANATOMY OF DISCIFORM DEGENERATION OF THE MACULA. 
R. Braun, Arch. f. Augenh. 110: 534, 1937. 


The eye of a 67 year old man was enucleated because of a mass 
between the disk and the macula which was suspected of being a 
melanotic sarcoma. The mass was elevated about 5 D., but there was 
no detachment of the retina. There were no hemorrhages, and the mass 
was dark in color. Physical examination of the patient revealed nothing 
abnormal for a man of his age. The following year the patient returned 
with a beginning senile macular degeneration in the opposite eye. 
(Braun’s description of the ophthalmoscopic appearance of the eye 
which was enucleated and of the fellow eye with the macular degenera- 
tion is certainly not typical of the cases in the literature reported as the 
Junius and Kuhnt type of disciform macular degeneration. ) 

Braun diagnosed the condition in the enucleated eye as a disciform 
macular degeneration. Pathologic examination of this eye showed no 
trace of neoplasm, but a large retroretinal hemorrhage and a diffuse 
growth of connective tissue. The latter lay partly between the retina 
and the pigment epithelium and partly between pigment epithelium and 
the choroid. The elastic lamina showed a circumscribed perforation 
through which the connectve tissue seemed to come from the 
choriocapillaris. 


From this the author concludes that disciform degeneration can 
arise from the choroid. 
F. H. Apter. 


TEMPORARY ARTIFICIAL INDENTATION OF THE SCLERA IN OPERATIONS 
FOR DETACHMENT OF THE RETINA. A. Jess, Klin. Monatsbl. f. 
Augenh. 99: 318 (Sept.) 1937. 


Applanation of the retina is induced by puncture prior to electro- 
coagulation for detachment of the retina, or following it, in cases in 
which an insufficiant quantity of subretinal fluid escapes. Collapse of the 
eyeball may render attachment of the retina onto the choroid more 
difficult under these circumstances. Jess obtained favorable results by 
artificial indentation of the sclera over the area of coagulation by a 
tampon of adequate size introduced into Tenon’s space. The conjunctiva 
is closed by sutures over the tampon, which is attached to a thread and 
left in place up to two weeks. It is removed after anesthetization of the 
conjunctiva and retrobulbar injection of procaine hydrochloride by 
reopening the conjunctiva as soon as intraocular tension and the shape 
of the globe have become normal. This method proved serviceable 
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in several cases in which the prognosis was unfavorable. Injection 
of the patient’s own blood into Tenon’s space after the operation, 
as done by Arruga, may probably act in a similar manner as the 
artificial indentation ; however, this method was devised by Arruga for 


the purpose of immobilizing the entire globe. . t Sie 


Trachoma 


ALLERGIC REACTION OF TRACHOMA. I. A. DANILEWSky and P. G. 
Kaminsky, Ann. d’ocul. 175: 245 (March) 1938. 


It is natural to expect that a chronic infectious disease like trachoma 
might set up different changes in the body. Straub pointed out the 
differences in sensitiveness to trachoma in infants and in adults. Of 
the Russian writers, Warchawsky drew attention to the fact that a 
relative immunity to trachoma develops little by little with age and to 
the importance of this immunity. Ostrounow doubts that there is a 
development of any such immunity in adults. He draws attention to 
the great susceptibility of infants to trachoma and to the fact that 
the condition develops in children with great intensity and reacts poorly 
to treatment. Besides clinical observations, research has been made 
on the particular qualities of blood and serum of trachomatous patients, 
even after they have developed immunity. Many investigators have 
tried these tests with the aid of vaccine, and the majority conclude 
that the reaction has no diagnostic significance and is not specific. The 
results obtained were quite divergent. 

Unfortunately the virus of trachoma and its allergic properties being 
still unknown, the authors employed the technic approved in the clinic 
of Glaubersohn. The preparation of the antigen is given in detail, 
and the reactions obtained in trachomatous and control patients are 
shown by three charts. A bibliography accompanies the article. 


S. H. McKee. 


TREATMENT OF TRACHOMA BY LOCAL AUTOSEROTHERAPY. H. Jour- 
DAN, Ann. d’ocul. 175: 254 (March) 1938. 


Trachoma is one of the ocular diseases for which a great many 
therapeutic aids, both physical and medicinal, have been tried, with 
more or less indifferent results. Also, certain of these treatments are 
exceedingly painful. On this account Jourdan has thought it of interest 
to publish the results obtained by the use of local autoserotherapy. 
The technic for the preparation of the serum is simple. It consists 
in the removal of a certain quantity of blood by aseptic venous punc- 
ture; after centrifugation and fractional sterilization, it is put in 
sealed ampules. The serum is then ready to be injected into the tarsal 
conjunctiva. The author usually injects 0.5 cm. (rarely more) after 
the use of an analgesic either once or twice a week. The injections 
are well taken; sometimes slight pain is complained of, and sometimes 
a slight swelling occurs, which never lasts for more than two or three 
days. In all cases there has been a rapid diminution in symptoms and 
Improvement in the conjunctival and corneal irritation. Pannus has 
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rapidly disappeared, and photophobia and tearing have improved con- 
siderably. Jourdan has also noted a more or less rapid diminution 
in the granulations themselves, though he has observed few patients 
long enough to judge of the persistence of the cure. 

Eight cases are reported by the author, and the progress of the 
different patients is described. A bibliography accompanies the article. 


S. H. McKee. 


PyREXIA AND TRACHOMA. DELANOE and J. SEDAN, Rey. internat. du 
trachome 15:1 (Jan.) 1938. 


The authors have noted in many instances the favorable effect of 
an intercurrent febrile disease on the corneal complications of trachoma, 
the conjunctival status remaining, however, uninfluenced. Three cases 
are cited in detail. In a recent thesis Carlotti demonstrated that 
artificially produced fever has a similar favorable action. 


J. E. LeEBENSoHN. 


Tumors 


MELANOBLASTOMA OF THE LACRIMAL CARUNCLE: REPORT OF A CASE 
AND REVIEW OF THE LITERATURE. J. O. WeETZzEL, Am. J. Ophth. 
20: 675 (July) 1937. 


Wetzel discusses the lacrimal caruncle especially from the standpoint 
of melanotic tumors and their origin from pigmented nevi. The 
following summary is given: 

“The case of melanoblastoma of the lacrimal caruncle here reported 
occurred in a 76-year-old man. A brown stain at the inner angle of 
the eye had been noticed nearly eight years before, a few months after 
a burn to the eye. It remained stationary for nearly five years, then 
began to grow as a tumor. On examination, the tumor was brownish 
black in color, pedunculated, and the distal portion was the size of a 
grape. The palpebral and ocular conjunctivae were invaded by the 
tumor, and the sclera was infiltrated by pigment. The globe was 
removed. Histologic examination showed polymorphous-celled melano- 
blastoma of a highly malignant type. A small dermoidal inclusion was 
present beneath the conjunctiva. Twenty-nine cases of pigmented 
tumor of the lacrimal caruncle were found in the literature. An abstract 
of each case is presented. ee at 


DIFFERENCES IN THE MANNER OF PERFORATION OF THE SCLERA 
CAUSED BY PRIMARY MELANOSARCOMA AND METASTATIC Car- 
CINOMA OF THE UveAL Tract. J. BRENDEL, Arch. f. Augenh. 


110: 559, 1937. 


Histologic sections show that metastatic carcinoma of the uveal 
tract usually perforates the sclera by following the course of the ciliary 
nerves, whereas primary sarcoma usually perforates by following the 
course of the blood vessels. 


F. H. Apter. 





ABSTRACTS FROM CURRENT LITERATURE 677 


SARCOMA OF THE Optic PAPILLA: Report oF A Case. S. PREVEC, 
Klin. Monatsbl. f. Augenh. 99: 513 (Oct.) 1937. 


Prevec reports a case of sarcoma in the optic disk in a man aged 
38 who experienced no ocular difficulties until about’ two years prior 
to observation. Vision failed more rapidly during the six weeks preced- 
ing examination. A horizontal, oval, mushroom-shaped tumor rose 
out of the optic disk of the right eye into the vitreous chamber. The 
tumor resembled an enlargement of the optic disk, presented the 
somewhat indistinct ramification of the central vessels and was grayish 
red. The retina was slightly detached below the tumor, so that the 
transition of the vessels was gradual, while their course could not 
be followed from the upper circumference of the tumor into the retina. 
Histologic examination showed that the tumor arose from the lower 
portion of the optic disk. The tumor consisted of two portions: a 
small flat portion, representing the primary mass which sprang from 
the choroidal tissues adjoining the disk, and a larger prominent portion, 
which involved the lower portion of the optic disk. The upper portion 
of the disk was free from the tumor masses, which, however, surrounded 
it beneath the retina. For reasons discussed, Prevec thinks that the 
larger portion of the tumor in the optic disk was secondary and that 
the small choroidal portion was primary. A similar case was reported 
by Cirinconée, but the condition was considered by him to be a primary 
neoplasm of the optic disk. a 


Uvea 


BLoop TRANSFUSION IN Uveitis. L. V. Pritzker, Vestnik oftal. 11: 
695, 1937. 


Pritzker employed the transfusion of blood in 10 cases of severe 
serous plastic uveitis in which ordinary therapeutic measures proved 
ineffectual. In 2 cases of long standing with loss of vision due to 
organized exudates in the vitreous no positive results were obtained. 
One of these was a case of traumatic iridocyclitis of one and a half 
years’ standing; the second was a case of serous uveitis with secondary 
glaucoma. In 8 cases (5 of presumably tuberculous origin) in which 
some vision was present the effect of the transfusion was noticeable in 
three or four days; the vitreous was clearing rapidly; the precipitates 
were melting away, and there was a corresponding increase of the 
visual acuity, in some cases from ability to count fingers to 0.2 and 0.4. 

‘Pritzker believes that the transfusion of blood stimulates the defen- 
sive power of the organism. The phagocytic activity of the leukocytes 
increases; the opsonin quality of the blood serum is improved, and a 
large number of antibodies appear. 

_ Detailed histories of the patients and a review of the literature are 
given. 

The conclusions are as follows: 

1. The transfusion of blood in cases of uveitis due to various factors 
is an active nonspecific remedy. 
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2. It is indicated in cases in which no other treatment is effective or 
in cases in which the cause is unknown. 


3. In cases of neglected uveitis in which there is no vision because 
of changes in thé vitreous, the transfusion was ineffective. 


O. SITCHEVSKA. 
Vision 
Does TIME INFLUENCE PERCEPTION OF DeptH? N. C. SHEN and 
E. GesLewicz, Compt. rend. Soc. de biol. 124: 1173, 1937. 


Reduction of the illumination period to as little as 4 milliseconds had 
no appreciable influence on the stereoscopic perception of depth. The 
apparatus used consisted essentially of a stereoscope, and Pulfrich’s 
figures for the determination of stereoscopic acuity traced on plates of 
superimposed ground glass, transilluminated by a light controlled by a 


h . 
shutter J. E. LEBENSOHN. 


A New APPARATUS FOR RECORDING DEPTH PERCEPTION. G. CoLa- 
JANNI, Ann. di ottal. e clin. ocul. 65: 684 (Sept.) 1937. 


The author describes his modification of the Howard apparatus by 
which both ends of the rods are covered in a relatively small box. The 
observer, placed at from 6 to 10 meters, moves the two lateral rods to 
the desired position by an electrically controlled arrangement. Constant 
illumination is provided by bulbs placed inside the box. 


S. R. GIrrorp. 


New Test CHART TO DETERMINE THE Visuat Acuity. M. C. 
CoLENBRANDER, Klin. Monatsbl. f. Augenh. 99: 213 (Aug.) 1937. 


Colenbrander devised a new test chart for the determination of the 
visual acuity. The scientific and practical reasons for selecting the 
arrangement and types of the chart are given. Bierens de Haan and 
Otto Roelofs found that the visible, separable and legible minimums 
of distinguishing objects depend equally on the quantity of illumination 
and that the decrease of vision in pathologic conditions registers analo- 
gous in each of these three minimums. Colenbrander, therefore, chose 
the visible minimum. His object is the picture of a schematic clock, 
consisting of a small black ring with a black disk in its center and a 
black triangle outside the ring. The triangle and disk are connected 
by a line, quasi the hand of the clock. The location of the triangle is 
the detail which determines the perceptibility. The connecting line, 
or hand of the clock, is too thin to interfere. Clocks of this description 
are arranged in a spiral on a round chart, the largest outside and the 
smallest at the central termination of the spiral. Twelve objects are 
arranged in each turn of the spiral. The author explains why this new 
chart fulfils all requirements. The clock is superior to various letters, 
some of which are easier recognized than others; the axis of the astig- 
matism has no influence on the visibility of the objects; the objects, i. e., 
the triangles, are arranged in twelve positions along straight and oblique 
meridians ; the spacing is identical with that used on charts with letters 
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or numbers ; the chart excels in simplicity, but the naming of the objects 
may be more difficult than that of letters, yet less difficult than the nam- 
ing of rings and hooks. The vision can be measured at distances of 4, 5 
and 6.4 meters, and other distances may be calculated by means of tables 
printed on the chart. Memorizing is rendered impossible, as the chart 


-an be rotated. 
can b K. L.. Sroez. 


Therapeutics 


Suort WAVE THERAPY IN OPHTHALMOLOGY. M. KLEIN and G. BAN- 
yar, Ann. di ottal. e clin. ocul. 65: 705 (Sept.) 1937. 


After some animal experimentation, the authors concluded that 
freedom from burns could be assured by depending on the patient’s 
sense of heat never surpassing the current which gave a pleasant sensa- 
tion of heat. In the treatment of acute inflammation the dose was 
kept low enough to avoid any sensation of heat, and the duration of 
treatments was from four to eight minutes. The duration of the treat- 
ment for chronic conditions was from five to fifteen minutes. Schlie- 
phake’s electrodes, from 4 to 8 cm. in diameter, were employed, the 
smaller electrode being placed in the temporal region or from 3 to 5 cm. 
in front of the eye, while the larger one was held from 8 to 10 cm. 
from the skin over the occiput. 

One hundred and twenty-one patients were treated, including 18 
with inflammation of the lids, orbit and lacrimal apparatus; 95 with 
inflammation of the anterior segment; and 8 with choroiditis, retinitis 
and hemorrhages of the retina and vitreous. In all cases the treatment 
was well tolerated. Subjective symptoms were nearly always improved. 
Dramatic improvement was observed in pyogenic processes of the lids 
and orbit. In cases of keratitis, especially of the herpetic type, good 
effects were observed [only after from eight to fifteen treatments 
(S. R. G.)]. In cases of retinitis and retinal hemorrhage no harmful 
results were observed, and the hemorrhages seemed to clear somewhat 
more rapidly as the result of treatment. No case histories are given. 


S. R. GIFForp. 











Society Transactions 


Epitep By W. L. BENEDICT 


NEW YORK ACADEMY OF MEDICINE, SECTION 
OF OPHTHALMOLOGY 


James W. Wuite, M.D., Chairman 
April 18, 1938 


Rupotr Aersii, M.D., Secretary 


UNILATERAL RETINITIS PIGMENTOSA: REPORT OF Two Cases. Dr. Sic- 
MUND A. AGATSTON. 


The occurrence of bona fide cases of unilateral retinitis pigmentosa 
again stirs up the controversy as to the etiology. 

In spite of the fact that numerous theories have been promulgated 
regarding the pathogenesis of retinitis pigmentosa, no single author has 
been able to offer an unassailable explanation. The abiotrophic theory 
is supported by the occurrence of cerebral involvement in atypical cases 
of tapetoretinal degeneration. The suggestion of a traumatic origin of 
the disease promoted by Wagermann’s experiments does not seem to 
hold when based on statistics, which show that retinitis pigmentosa 
following trauma is practically unknown. The angiospastic theory is 
surely unsatisfactory, because it is difficult to conceive the occurrence of 
arteriolar spasms at an early age and limited to the retinal vessels. Also, 
if this were true, retinitis pigmentosa would be a common occurrence in 
cases of essential and malignant hypertension, which it is not. Neither 
does it occur in cases of secondary atrophy associated with optic neuritis, 
retrobulbar neuritis or toxic amblyopia. Certain it is that in all typical 
cases there is a gradual occlusion. So constant is this vascular change 
that without it diagnosis is impossible. Moreover, so characteristic is 
the appearance of the disk and vessels that in the absence of malignant 
hypertension the disease may be recognized before the periphery or pig- 
ment spots are seen. The pigment spots so constantly observed 
in retinitis pigmentosa is also seen in other diseases, such as retinosis, 
choroidosis, choroideremia, chorioretinitis and topical senile degeneration 
of the peripheral portion of the retina. The arterial picture, however, 
belongs to retinitis pigmentosa. It is not likely that the retinal vessels 
are narrow because of general atrophy of the retina, of which they are 
not really a part. In diffuse chorioretinitis in which practically the 
whole retina is destroyed the retinal arteries are normal. 

It seems to me that if one could find an explanation for the gradual 
narrowing of the vessels a workable theory would be found which would 
be applicable to the solution of the etiology. It is known now that 
narrowing of vessels with fibrotic and hyperplastic changes is caused 
by any form of occlusion. Whether that occlusion is produced by an 
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cibolus, thrombus, pressure or spasm, it makes little difference. And 
so the vessels found in association with retinitis pigmentosa resemble 
those observed in cases of malignant hypertension or following intra- 
bulbar or retrobulbar neuritis. In other words, the changes in the 
vessels are not secondary to general atrophy but secondary to pressure 
and occlusion. 

One can conceive the occurrence of a topical neurofibromatous 
formation. This may be limited to the central portion of the optic nerve 
or may be found elsewhere in the nervous system. This would explain 
the cases of cerebral involvement and the possible association with oto- 
sclerosis. In explanation of this hyperplasia one might draw a parallel 
with what happens in Recklinghausen’s disease. Wagermann’s experi- 
ments also need not be disregarded. He showed that cutting off the 
vessels behind the globe in rabbits resulted in pigmentary degeneration. 
Trauma to the eye will not result in pigmentary degeneration unless the 
retinal vessels are compressed by scar tissue. My own experiments on 
rabbits, consisting of the injection of alcohol into the optic nerve trunk, 
gave results similar to those of Wagermann. 

It appears that sudden blocking of the retinal artery does not result 
in pigmentary degeneration, but gradual occlusion occurring early in life 
(retinitis pigmentosa has its onset between the ages of 3 to 8 years, 
according to Horing and others) causes a gradual degeneration of the 
peripheral portion of the retina with replacement of necrotic spots by 
proliferating pigment epithelium. This happens because the terminal 
small branches become fibrotic and early in the disease lose their 
patency. 

Shoemaker in his monograph reported massive hyperplasia within 
the optic nerve as a postmortem observation. In the pathologic labora- 
tory at the Montefiore Hospital Dr. Smoleroff and I have been able to 
demonstrate similar changes. The occurrence of unilateral retinitis 
pigmentosa, of which there should be no doubt, while it militates against 
other theories does not conflict with the theory of intraneural 
hyperplasia. 

Dr. M. N. Beigelman, in reporting a case in the ArcHIves (6: 254 
[Aug.] 1931), gave a résumé of 11 cases of unilateral retinitis pig- 
mentosa reported since 1865. In that year the first case was reported by 
Pedraglia. The oldest patient was 42 and the youngest 10. 

The ages of my patients were 45 and 53. 

One of them, a man aged 53, had poor vision in the right eye for 
thirty-eight years. The fundus showed retinitis pigmentosa with atrophy 
of the optic nerve and narrow blood vessels. The other, a woman aged 
45, had failing vision in the left eye which began at the age of 14. There 
were a posterior cortical cataract, a typical picture of retinitis pigmentosa 
with sclerosis of the choroidal vessels, thin retinal arteries and pallor of 
the disks. 


COLOBOMA OF THE Optic NERVE AND OF THE MACULA: A MICROSCOPIC 
StrucTURE Stupy. Dr. DAvip WEXLER AND Dr. Murray LAST. 


This article will be published in a later issue of the ARCHIVES. 
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MALIGNANT NEOPLASM OF THE EYELID: REporRT OF Two Casts. 
Dr. MAYNARD C. WHEELER. 


A man of 68 complained of a lump in his left lower lid of two 
months’ duration. A firm mass occupying practically the entire lid was 
deforming the tarsus; the skin was not involved. The tumor was 
removed. A histologic diagnosis of lymphosarcoma was made. One 
roentgen treatment was given. The patient was free from recurrence 
six months after excision. 

A girl of 19 complained of a lump in her right lower lid which began 
like a sty three years previously. Later it was curetted. Gradually it 
increased in size. The temporal two thirds of the lid was occupied by 
a firm mass involving both the skin and the tarsus. Biopsy showed 
carcinoma. The lid and tumor were excised. The histologic diagnosis 
was carcinoma of the meibomian gland. Two years later there was no 
evidence of recurrence or metastasis. 


Von Hippret’s DisEASE: Report oF A CASE. Dr. BENJAMIN C. 
ROSENTHAL. 


A man 29 years of age with a past history of meningeal involvement 
came to the New York Eye and Ear Infirmary because of blurring of 
vision in his left eye. His left fundus showed the typical picture ot 
von Hippel’s disease (angiomatosis retinae). Examinations of the 
visual field of the diseased eye showed an irregular positive central 
scotoma. There was a slight enlargement of the blindspot. There were 
no hemianopic or quadrantic defects of the visual field in either eye. 
There was a slight concentric contraction of the peripheral field in the 
left eye. Medical, neurologic and laboratory tests gave negative results. 

The father of this patient died at the age of 46 years with symptoms 
of an intracranial condition. Autopsy was performed, and the patho- 
logic diagnosis was Lindau’s disease. 

These cases demonstrate the familial nature of the diseases of von 
Hippel and Lindau. Angiomatosis retinae is but a part, or an early 
manifestation, of a more widespread pathologic syndrome, namely, 
Lindau’s disease. 


OPERATIONS FOR ORBITAL FILLinGs. Dr. JOHN WHEELER. 
This article will be published in a later issue of the ARCHIVEs. 





James W. Wuite, M.D., Chairman 
May 16, 1938 


RupotF Aesii, M.D., Secretary 


INTRAOCULAR TENSION IN SARCOMA OF THE CHOROID AND CILIARY 
Bopy. Dr. JoHN H. DUNNINGTON. 


This article appeared in the September issue of the ARCHIVES, 
page 359. 
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OcuLAR HYPERTELORISM: ReEporT OF A CASE. Dr. WEBB W. WEEKS 
(read by Dr. Benjamin Jaffe). 


The following case is reported because of the rarity of the condi- 
tion. Up to 1935 only 24 such cases had been reported. 

Hypertelorism is a developmental defect of the lesser wings of the 
sphenoid bone; they ossify early in intrauterine life and grow exces- 
sively. This causes the typical widely separated eyes. Mental retarda- 
tion may occur. Hypertelorism also occurs as a familial inherited 
anomaly. 

A man aged 43 complained of sensations of foreign bodies in each 
eye. A diagnosis of marginal blepharitis and presbyopia was made, 
and he was given glasses for reading. Vision for distance was 20/15 
in each eye without correction. The patient was seen several times 
later the same year and treated for conjunctivitis and blepharitis. 

He did not come to the clinic again until March 1938, when he 
appeared complaining of foreign bodies in each eye. Nothing unusual 
was noted except the peculiarly widely separated orbits. The patient 
volunteered the information that he had rudimentary clavicles. He 
was sent to the roentgenographic department for a study of congenital 
bony anomalies, with the provisional diagnosis of hypertelorism in 
mind. The diagnosis was verified by the roentgen examination. 

The roentgen report follows: There was an increase in the trans- 
verse diameter of the skull, resulting in a brachycephalic type. The 
metopic suture was patent. The interorbital and interpupillary dis- 
tances were increased. The findings indicated hypertelorism. The 
lower third molars were impacted, and the upper third molars were 
impacted and unerupted. The clavicles were rudimentary. 


DISCUSSION 


Dr. Ratpu F. Lioyp: Did this patient have any malformations of 
the fingers or toes? 


Dr. BENJAMIN JAFFE: No, there were just the rudimentary 
clavicles, and the molar teeth were unerupted. 


AN ANOMALOUS RETINAL VEIN. Dr. A. L. KorNzweEle. 


A girl aged 18 came to the Mount Sinai Hospital to have her eyes 
retested for glasses. During the routine examination of the fundus 
of the right eye it was noted that a branch of the inferior temporal 
vein passed upward toward the macula and split the foveal reflex into 
two parts, one above and one below the vein. Angioscotometry showed 
a scotoma above the central point of fixation, proving that the true 
fovea is above the vein. 


PRECANCEROUS MELANOSIS OF THE Lips AND ConjuNcTiva. Dr. 
ALGERNON B. REESE. 


H. G., a man aged 45, first noticed a spot of pigment on the left 
lower lid about the size of a pinpoint fifteen years before the present 
examination. Ten years before he estimated that the spot had 
increased only to about 2 mm. in size. Five years before, when he 
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was seen for the first time at the Memorial Hospital, there was pig- 
mentation of the skin of the lower lid over an area 25 mm. long and 
6 mm. wide, including the margin of the lid, and for a short distance 
on to the adjacent conjunctiva at the external canthus. There was no 
elevation or induration of the skin, which, except for the pigmentation, 
appeared to be entirely normal. In eight months the lesion had spread 
along the margin of the upper lid for 7 mm. from the external canthus. 
In two months some pigment appeared in the lower palpebral con- 
junctiva near the fornix. In six months more the pigmentation had 
extended along the entire extent of the lower lid and for 10 mm. along 
the margin of the upper lid adjacent to the external canthus. 

A section of the involved skin was removed at the Beth-El Hos- 
pital in 1932. This section has been studied by Dr. Ewing and Dr. 
Stewart of the Memorial Hospital, who termed the growth a “melan- 
osis.” 

A diagnosis was made of precancerous melanosis of the skin and 
conjunctiva, which was beginning, after fifteen years, to show malig- 
nant tendencies. 


DISAPPEARANCE OF THE IRIS AFTER PROLONGED HYPHEMIA. Dr. 
GUERNSEY FREY. 


The case reported here is of considerable clinical interest. A 6 
year old boy was seen at the Manhattan Eye, Ear and Throat Hospital 
on Dec. 18, 1936, shortly after having injured the left eye with scissors. 
A perforation of the lower lid and a large subconjunctival hemorrhage 
were noted, with a normal fundus. The boy returned on April 6, 
1937, having had scarlet fever three weeks previously; the left eye 
had been sore, and vision had been impaired for twenty-four hours. 
Dr. Hulka made a diagnosis of abscess in the vitreous, probably meta- 
static. 

On April 6 the child appeared at the outpatient department of the 
Queens General Hospital with the anterior chamber of the left eye 
filled with blood. The tension was low. He was admitted to the hos- 
pital. No cause was found for the hyphemia, which persisted for three 
months. During this time various coagulants were administered, includ- 
ing two courses of moccasin venom, but the blood did not absorb 
until a transfusion was performed. During most of this time the blood 
occupied the -greater part of the anterior chamber, only a small amount 
of blue iris being exposed. When the blood had finally absorbed, 
the iris appeared to be entirely absent except for the portion which had 
previously been observed above the hyphemia. There was a yellow 
pupillary reflex from an exudate in the vitreous, and there was no 
perception of light. The eye gradually became phthisic and was enu- 
cleated in the fall. 

The pathologic examination revealed that whereas the iris below 
appeared to be completely absorbed, it was in fact atrophic and retracted. 
with ectropion of the pigment layer. There were also evident an old 
healed penetrating wound of the globe and endophthalmitis. 
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CONGENITAL FISTULA OF THE LACRIMAL GLAND. Dr. GUERNSEY FREY. 


A 7 year old boy had a small orifice in the skin about 5 mm. tem- 
poral to and 1 mm. above the external commissure of the eyelids of 
the right eye, from which tears had discharged since birth. He was 
admitted to Dr. Fletcher’s clinic at the Manhattan Eye, Ear and Throat 
Hospital as a new patient on March 19, 1938. On March 31 photo- 
graphs were taken; the tract was injected with iodized poppy-seed oil 
40 per cent, and roentgenograms were made. A communication of the 
fistulous tract with the convoluted tubules of the lacrimal gland was 
demonstrated. After injection of the iodized oil the tearing from the 
fistula ceased for a week, but then recurred. 

Congenital fistula of the lacrimal gland is an extraordinarily rare 
condition. In the last twenty years but 3 cases have been mentioned 
in the literature. T. Schornstein reported a case in the Archives fiir 
Augenheilkunde (109: 86-102, 1935) in which the fistulous opening 
appeared on the upper lid near the outer commissure and was sur- 
rounded by four cilia. A. Cange and H. Duboucher in the March 1931 
issue of the Archives d’ophtalmologie (page 161-186) reported a case 
in which the tract was dissected out. They called attention to the fact 
that congenital cysts of the lacrimal gland may subsequently be con- 
verted into fistulas by trauma, operation or spontaneous rupture. The 
third case, reported by M. E. Alvaro and A. Sampaio Doria in the 
Revista oto-neuro-oftalmoldgica y de cirugia neuroldégica sud-americana 
(12: 283-290, 1937), closely resembled the present one. In “The 
American Encyclopedia of Ophthalmology” (vol. 4, p. 2943) reference 
is made to cases of fistula of the lacrimal gland reported by Mackenzie, 
Steinheim and Terlinick. 

The treatment recommended by these authors consists in trans- 
plantation of the secretory duct to a position where it will discharge 
into the conjunctival cul-de-sac. If this is unsuccessful, the fistulous 
duct and the lacrimal gland, or that portion of it with which the duct 
is connected, must be excised. My intention is to pass a probe into 
the fistulous tract and then cut down on it from the conjunctival sur- 
face to effect a new orifice into the superior conjunctival cul-de-sac. 
At the same time, I shall curet and tie off the present fistulous opening. 


LUXATION OF THE LENS IN THE ANTERIOR CHAMBER, OF CONGENITAL 
ORIGIN, IN TWO MEMBERS OF A FAMILY, FOLLOWED BY SECONDARY 
GLAUCOMA: EXTRACTION OF LENSES. Dr. MArtTIN COHEN. 


CasE 1.—Miss R. S., aged 26, was first examined in February 1934, 
at which time she had myopia of 10 diopters in each eye. With myopic 
correction, vision in each eye was 20/40. A downward subluxation of 
both lenses was recognized at the time. Physical examination gave 
negative results. 

The patient returned on May 1, 1937, with luxation of the right 
lens in the anterior chamber and secondary glaucoma associated with 
headache, vomiting and severe ocular pain. She was admitted to the 
hospital, where a small cataract section above with iridectomy was 
performed and the lens was extracted with the aid of a wire loop. The 
resulting visual acuity in this eye was 20/20 with a + 9 diopter lens. 
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There were some opacities of the vitreous. The fundus appeared 
normal. 

Vision in the left eye, in which the lens was subluxated, amounted 
to 20/30—2 with a +12 diopter lens, obtained from the aphakic 
pupillary area. The fundus, which could be seen through the aphakic 
portion of the pupil, appeared normal. 


CasE 2.—Miss M. S., a sister of the patient in case 1, was first 
examined in January 1932 at the age of 7. There was a history of 
poor vision for three years, which was not improved with glasses. 
The patient had had various diseases of childhood. Physical exami- 
nation gave negative results. Both lenses were subluxated downward. 
The patient was admitted to the hospital, and a needling of the lens 
of the left eye was performed, without any effect. She was readmitted 
to the hospital on Sept. 10, 1933, with symptoms of acute pain in the 
right eye of two days’ duration. The conjunctiva was injected, and 
the intraocular tension was elevated. The lens was luxated in the 
anterior chamber. A small cataract section above with iridectomy was 
performed, and the lens was extracted with the aid of a wire loop. 
The resulting vision in this eye with a + 5 diopter sphere was 20/100. 
The fundus showed a myopic conus and slight pallor on the temporal 
portion of the disk. 

The patient was reexamined periodically, and on April 2, 1938, 
she was readmitted to the hospital with luxation of the left lens in the 
anterior chamber and secondary glaucoma associated with headache, 
nausea and severe ocular pain. A small cataract section was made 
above. The section was enlarged with scissors, followed by iridectomy, 
and then the lens was extracted with the aid of a wire loop, resulting 
in a visual acuity of 20/40 with a + 15 diopter sphere. The fundus 
of this eye appeared normal. 


UNILATERAL EXOPHTHALMOS DUE TO A SCLEROSING SARCOMA OF 
THE ANTERIOR CRANIAL Fossa. Dr. MARTIN COHEN. 


Mrs. F. B., aged 75, was struck in the left eye by the horn of a 
cow at the age of 6 years. The injury healed in one year. Following 
the trauma, the vision was markedly reduced. There was some vision 
in the involved eye until two and one-half years before the present 
examination. Since then, only perception of light has been present. 
Following the injury, there was some protrusion of the left eyeball, 
which became more apparent about seven years ago. For the past four 
years there has been no apparent change in the exophthalmos. Phys- 
ical examination, including the Wassermann test, gave negative 
results. 

Recent examination revealed the following facts: Vision in the 
right eye, without glasses, equaled 1/200. With glasses, vision was 
corrected to 20/200. The intraocular tension (Schidtz) was 14 mm. 
of mercury. The pupil reacted to light and in accommodation. There 
were present opacities of the vitreous and lens. The fundus showed 
a posterior staphyloma, peripapillar choroidal atrophy, an area of pig- 
mentation in the nasal quadrant of the fundus, attenuated arteries and 
slightly engorged veins. 
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Vision in the left, or involved, eye was limited to perception of 
light. The intraocular tension (Schiotz) was 14 mm. of mercury. 
An exophthalmos of 5 mm. was present. Motility of the eyeball was 
normal in all directions. Transillumination was slightly diminished in 
the inferior field. External examination showed slight conjunctival 
injection; also, moderate noninflammatory edema of the inner portion 
of the upper and lower lids. The bony orbit was slightly thickened 
above and nasally. There was an old scar of the cornea. The opacities 
of the lens and vitreous. were more marked in this eye. The left 
pupil appeared smaller than the right and reacted to light and in 
accommodation. The field of vision was markedly contracted nasally 
and slightly contracted in the superior field. The details of the fundus 
could not be recognized. 

A roentgenogram of the left orbit was made by Dr. William H. 
Meyer to demonstrate possible hypertrophy of the soft tissue. The 
report was as follows: Examination showed a marked increase in 
density ascribable to bony sclerosis and hypertrophy, suggesting a 
neoplasm (probably sarcomatous) involving in the main the anterior 
fossa on the left side. 

The invasion extended across the median line into the frontal 
and ethmoid sinuses and downward on the mesial side of the orbit, 
into the malar bone and encroaching on the nares. It also extended 
backward, mainly along the lesser wing of the sphenoid bone toward 
the middle fossa. Alternating areas of condensation and porosity 
continued over the anterior portion of the vault, mainly on the left 
side, into the parietal bones. 

The conclusion was that the condition was a sclerosing sarcoma 
of the anterior fossa, mainly of the left frontal bone. 

Biopsy will be performed and reported on at a future date in 
order to establish a definite pathologic diagnosis. Surgical inter- 
vention will not be considered owing to the extent of the growth and 
the age of the patient. Roentgen treatment will be instituted. 


Tay-Sacus DIsEASE: Report oF A Case. Dr. JosEPH LAVAL. 


A child 1 year old developed normally until the age of 5 months. 
The parents are Jews, and this is the second child of the marriage. The 
characteristic cherry-red spot was present. It was further noted that 
even though the ganglion cells of the retina were swollen and resembled 
xanthoma cells, they were not true xanthoma cells. Accordingly, there 
is no connection between amaurotic family idiocy and xanthomatosis 
such as occurs in Gaucher’s disease, the Niemann-Pick syndrome or 
the Schiiller-Christian syndrome. 


ZONULAR OPACITY OF THE CORNEA. Dr. M. DAvipson. 


Zonular opacity or ribbon-shaped, band-shaped or calcareous keratitis 
is described by Fuchs as the most frequent of the pathologic types of 
dystrophy, developing in eyes either because of intraocular disease or in 
senile persons or because of external injurious influences to which the 
eyes have been subjected in the region of the palpebral fissure. The 
last type has been observed in hat makers and in persons exposed to 
mercurial vapors and to the blowing of mild mercurous chloride into the 
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eyes for long periods. Under a section entitled “Conditions Allied to 
Dystrophies,’ Fuchs mentioned lime, lead, silver, naphthalene and iron 
as giving rise to a somewhat. similar picture. 

The case presented here is interesting in that it shows what happens 
to an eye with lime incrustation in the course of years. The patient 
was examined at the Bureau of Workmen’s Compensation because of 
a lime burn in the left eye; the condition found in the right eye was due 
to a lime burn received over twenty years before. In addition to a lime 
incrustation in the upper part of the cornea, there was one in the lower 
corneal half, with the typical etched subepithelial lines, and chalky 
white calculi lying at different levels in the corneal stroma as far back 
as Descemet’s membrane, where they were star shaped, lying in round 
. clearings in a homogeneously, somewhat opaque membrane. I saw 
another patient recently in whom the same transportation of lime had 
progressed more rapidly, to deposit calculi in the course of two years, 
without reaching Descemet’s membrane. I have not seen any references 
to this progressive transportation of lime from a lime incrustation 
toward the aqueous, although the difference between albumin-dissolving 
alkalis and albumin-precipitating acids in their effects on the eyes was 
noted long ago, the former being more penetrating. 


NEUROPARALYTIC KERATITIS. Dr. Morris JAFFE. 


In neuroparalytic keratitis the abnormal metabolism of the epithelial 
cells puts them in a position in which they fail to resist the effects of 
trauma, drying or infection. The condition occurs following a lesion 
to the fifth nerve in any part of its course. It develops much more 
rapidly and acutely following ganglionic or infraganglionic lesions than 
following a lesion above the ganglion. Keratitis develops in about 
one third of the cases in which the lesion is in the latter situation. The 
condition has been observed to follow tumors in the brain stem, tabes 
and basilar meningitis. In cases of disseminated sclerosis, anesthesia 
of the cornea with ulcerations has been noted. The clinical picture is 
as follows: Hyperemia of the conjunctiva will appear, which gradually 
diminishes in intensity. Adequate protection of the eye at this stage 
will prevent complications. Iritis frequently sets in sometimes before 
and sometimes after corneal changes. A corneal disturbance starts often 
within a day of two after the central lesion and is ushered in by the 
appearance of a stippled haze, due to edema, which may be followed by 
vesicle formation. This process may remain stationary, resembling a 
superficial punctate keratitis ; but more usually it is followed by massive 
exfoliation of the epithelium of varying degree. The denuded surface 
appears dry and hazy. When a secondary infection gains foothold, 
ulceration develops, which may end in perforation. The cornea is 
anesthetic. 

Neuroparalytic keratitis is exceedingly slow and chronic, with no 
acute phenomena, principally because of the corneal anesthesia. If treat- 
ment is started early and the cornea protected for a sufficiently long 
time, the prognosis is good; otherwise, it is bad, and the best one can 
anticipate is widespread leukoma. 

The best treatment is prophylactic. The eye should be covered with 
a pad and bandage over carefully adjusted closed lids. If despite this 
precaution epithelial degeneration occurs, tarsorrhaphy should be done 
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at once. It is usually followed by rapid improvement, and it should be 
maintained for from six to twelve months. Eventually the corneal 
tissues appear to become adjusted to the new conditions of their metab- 
olism, and the eye will keep well if ordinary precautions are taken 
against trauma. 

A white man aged 62 suffered from severe pain in the right side of 
the head, beginning in September 1937. Early in November he noted 
hyperemia of his eye with partial lagophthalmos. He first came under 
my observation on Jan. 10, 1938. He had a corneal ulcer below the 
pupillary margin, with epithelial exfoliation around it, and with plastic 
iritis. The cornea was completely anesthetic. When an effort was made 
to close the lids of both eyes gently, the lids of the right eye only partially 
closed, leaving an exposed area of cornea about 2 mm. wide. The 
corneal surface was cleansed and touched up with synthetic oil of winter- 
green. The eye was bandaged over a period of three and one-half 
months, resulting in definite improvement. 


DACRYOADENITIS: REPORT OF Two Cases. Dr. HENRY MINSKY. 


The first patient, a 3 year old child, had a history of progressive 
swelling of the left upper lid of one week’s duration; the swelling was 
so extensive that an abscess was suspected. She had slight fever and a 
high leukocyte count. The condition improved rapidly under the use of 
hot compresses. The second patient, a middle-aged man, had involve- 
ment of the peripheral portion of the lid only, which resolved, with some 
_ breaking down of tissues. These 2 cases are reported to demonstrate a 
constant sign in the differential diagnosis of orbital dacryoadenitis. In 
either case the normal sharp edge of the outer two fifths of the upper 
orbital margin could not be felt because of the fulness which ended 
abruptly at the junction of the inner three fifths by a bandlike resistance 
extending toward the margin of the lid for about 1 cm. 


AcuTtE MEMBRANOUS CONJUNCTIVITIS IN A Brass WorkKeErR. Dr. 
FRANCES RICHMAN. 


C. G., white, aged 40, had worked as a tinsmith and brass turner for 
the past few years. During this time he had had occasional attacks of 
mild conjunctivitis, acne of the face and gingivitis. His history other- 
Wise was essentially irrelevant. 

The present complaint began acutely on Aug. 30, 1937, with pain and 
redness of the eyes and nasopharynx and a bronchial cough. For three 
entire days prior to the onset the patient had been steadily grinding 
brass articles at a wheel that had no blower connections; he reported 
that the air was filled with the dust thrown off from the grindstone and 
metal and that this dust filtered in through the perforations in his 
goggles, entered his eyes, covered all exposed surfaces of skin and was 
inhaled freely. Perspiration stains on his undershirt and handkerchief 
were greenish colored; the sputum was tinged with green. 

The symptoms progressed rapidly, and he sought treatment at an 
ophthalmic clinic. The secretion and milky appearance of the conjunc- 
tiva suggested a diagnosis of vernal catarrh, and he was given a lotion 
for his eyes. On the third day the condition of the eyes and throat was 
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alarming, and he was admitted to the Kings County Hospital to the 
medical service. 

At this time the outstanding clinical feature was the presence of a 
membrane which covered the conjunctiva of both eyes, the nasopharynx 
and tonsils, the buccal mucous membrane and the gums. Although the 
membrane was not typically diphtheritic in appearance, it was con)- 
pulsory to isolate the patient and give him proper antitoxin treatment 
while waiting for laboratory reports. The health department reported 
culture of material from the throat to be negative for diphtheria; 
repeated cultures of material from the eyes and throat showed Staphylo- 
coccus albus and Staphylococcus aureus, and smears showed pus cells 
and a few fusiform bacilli suggestive of Vincent’s infection. 

The acute symptoms subsided slowly. Weeks later the eyes still 
showed marked blepharospasm; photophobia; congestion of the con- 
junctival vessels; thickening and a milky appearance of the transitional 
folds, which were still covered with a shreddy secretion; fine reticular 
scarring of the conjunctiva with vacuolation between the bands of scar 
tissue, and a generalized, nonstaining, superficial keratitis of the left eye, 
the cornea remaining sensitive. Four months later, while the conjunc- 
tival scarring was being studied with the slit lamp, several foreign 
particles were seen embedded subconjunctivally at the upper tarsal 
border of the left eye, visible only in indirect light and entirely flooded 
out in the direct beam. The finding of the foreign bodies took the 
condition out of the medical class and placed it definitely among occupa- 
tional traumas, thus settling the controversial question of compensability. 
Delicate tests for copper were done on three of the removed particles, 
with negative results; alternatively, it may be that these were particles 
of silicate from the grindstone which were sealed in the conjunctiva 
when it healed over subsequent to the casting off of the original 
membrane. 

This case emphasizes the following interesting points: (1) the non- 
diphtheritic origin of some membranous formations; (2) the marked 
sensitiveness of the mucous membranes to the mechanicochemical irrita- 
tion with fine metallic dust, the reaction being similar to that produced 
by chemicals and toxins; (3) the type of corneal reaction elicited by the 
long-continued conjunctival irritation; (4) the importance of using 
the slit lamp in studying a conjunctival pathologic process, and (5) the 
essential importance of searching for minute contrast in indirect 
light only. 

DISCUSSION 

Dr. JAMEs W. Situ: I was asked to see this patient by an insur- 
ance company three and a half months after the onset of the conjunctival 
and corneal irritation. They were at a loss to understand why the patient 
was being treated so long after the simple lodging of dust in the eyes. 
From Dr. Richman’s modest statement one would infer that she missed 
the diagnosis. She failed to suggest the fact that a rather firm and 
extensive membrane lined all the palpebral conjunctival surfaces for 
nearly four months after the original injury and that it was not until 
the membranous formation had ceased that it was possible to see by slit 
lamp microscopy eight or ten minute foreign bodies embedded in varying 
depths of the upper conjunctiva of the left eye. 
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RETINITIS PIGMENTOSA WITH GLAUCOMA. Dr. CHARLES A. PERERA. 


The combination of pigmentary degeneration of the retina and 
elaucoma is of sufficient rarity and interest to warrant the following 
case report. The patient was under the care of Dr. Charles H. May 
for many years, and the case is presented with his permission. 

Miss F. T., a 24 year old Russian Jewess, gave a history of night 
blindness and poor vision for many years. I first examined her in 
May 1936. She was underweight. Ocular examination showed 
vision to be 15/60 and 15/30 in the right and left eyes, respec- 
tively. The intraocular pressure was normal. There was moderate 
weakness of convergence. The anterior chambers were shallow, 
and the media were clear. The fundi revealed marked narrowing of 
the vessels, with pallor and blurring of the nerve heads. The periph- 
eral portion of the retina contained numerous small deposits of pig- 
ment of irregular shape. Scattered through each fundus were small 
yellowish areas with indistinct outlines. The visual fields were contracted 
concentrically to 15 degrees from fixation in each eye. The refrac- 
tion was measured under cycloplegia with homatropine hydrobromide. 
Vision of the right eye was 15/30— with a 3.00 sph. ~ + 1.25 cyl., 
ax. 105; vision of the left eye was 15/25 with a + 3.00 sph. — + 0.75 
evl., ax. 85. 

The patient returned one month later, stating that she had noticed 
temporary blurring of vision of the left eye five days before, asso- 
ciated with headache on the left side and lasting for five hours. Care- 
ful examination revealed the same findings as on the previous visit. 
The slit lamp showed no evidence of active inflammation. Vascular 
spasm was considered as a possible cause for the symptoms. 

Four months later, in October 1936, the patient was seen with 
inflammation of the left eye of twenty-four hours’ duration. Exami- 
nation showed acute iridocyclitis of the left eye and normal intraocular 
pressure in each eye. Complete physical examination gave negative 
results; the. laboratory tests, including a Wassermann test of the 
blood, examination of the sputum, urinalysis and studies of the blood, 
also gave negative results. Roentgenograms of the teeth showed no 
oral foci of infection. Under treatment with 1 per cent atropine 
sulfate and hot compresses locally and salicylates internally, the left 
eye became quiet in four weeks. 

In August 1937 the patient returned with the history of pain and 
redness of her left eye two days before. The ocular findings cor- 
responded to those noted when I first saw her. 

In November 1937 the patient appeared with an attack of acute 
glaucoma involving the left eye, which was stony hard. She was 
admitted to the Institute of Ophthalmology of the Presbyterian Hos- 
pital, where the intraocular pressure of the left eye was reduced to 
nearly normal by repeated instillations of a 1 per cent solution of 
physostigmine salicylate and a 2 per cent solution of pilocarpine 
hydrochloride. On the third day after the patient’s admission, the 
intraocular pressure of each eye suddenly rose to over 85 mm. of 
mercury (Schiotz), with marked corneal edema. Miotics were of 
no avail, and a bilateral Lagrange sclerectomy with complete iridectomy 
was performed. The patient was discharged three weeks later, with 
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normal tension. She is now instilling a 1 per cent solution of pilo- 
carpine hydrochloride into each eye three times a day. Gonioscopic 
examination, confirmed by Dr. Uribe Troncoso, showed the angles 
of each anterior chamber to be completely closed; a ciliary process 
was caught in the scar of the operative wound of one eye. 

On the patient’s last visit on May 13, 1938, vision of the right 
eye with correction was 15/40 + and that of the left eye was 15/30. 
The intraocular pressure was 13 mm. of mercury in the right eye and 
18 mm. in the left eye (Schiotz). The fields and fundi were 
unchanged. 

The literature on glaucoma in cases of retinitis pigmentosa has 
been well reviewed by Weiss in 1903 and by Kotliarevskaya in 1931. 
At least 32 cases have been reported, many of them by Russian oculists. 
Some authors have postulated an antagonism between retinitis pig- 
mentosa and glaucoma to explain the rare occurrence of the com- 
bination. Many writers have explained the presence of both diseases 
in the same eye as a result of vascular disease which has caused 
changes in the vortex veins as well as in the retinal and choroidal 
vessels. Blessig reported 2 cases of glaucoma and 3 of retinitis 
pigmentosa in a family of 9 children, thus demonstrating that there 
may be a congenital and hereditary aspect to these conditions. 

The case reported here was that of an atypical form of pigmentary 
degeneration of the retina, in which an inflammatory element could 
not be ruled out. In this case a congestive type of glaucoma developed. 
Vascular disease can explain the simultaneous presence of the two 
processes. 


RETINITIS PIGMENTOSA WITH “HOLE” IN THE MACULA: REPORT OF A 
Case. Dr. CHARLES A. PERERA. 


This article appeared in the September issue of the ARCHIVEs, page 
471. 


INTRAOCULAR ForREIGN Bopy: Report oF A CASE. Dr. DoNALD W. 
BoGART. 


The patient gave a history of being struck in the right eye with a 
flying piece of cast iron the day before examination. The vision in 
each eye was. 20/30. There was slight redness of the conjunctiva 
temporal to the limbus, with a small laceration. A roentgenogram 
taken routinely showed an intraocular foreign body 1 by 1.5 mm. 
in size localized in the posterior segment in the lower right quadrant. 
The pupil was then dilated, and the foreign body was easily seen 
lying 3 disk diameters temporal and inferior to the disk along a branch 
of the inferior temporal vein. A small blood clot could be seen in 
the vitreous. It was extracted two days after the accident by the use 
of magnets. Recovery was uneventful. Ultimate vision was 20/30 
without accommodative changes or defects in the visual field. 


AN OPERATION FOR CONGENITAL PtTosis. Dr. GIROLAMO BONACCOLTO. 


The surgical technic presented here was first devised by Dr. Bardelli 
of Florence. This operation is intended to correct ptosis of the lid 
which does not involve paralysis of the superior rectus muscle. An 
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incision is made along the superior fornix, and after the isolation of the 
superior rectus muscle two lateral bundles of muscle fibers are cut from 
the main tendon at 1 cm. from their insertion. In this way the insertion 
of the superior rectus muscle is not disturbed. These two bundles, after 
they have been separated and cut off from the superior rectus muscle, 
are, by means of sutures and a special large, flat needle with a sharp 
edge, passed through the thickness of the upper lid at the height of the 
superior margin of the tarsus, in front of the tarsus and out of the skin 
of the lid at about 3 mm. from its external edge. By means of this 
method one can graduate the elevation of the upper lid, which also 
presents a well balanced horizontal elevation, since the two strips of 
muscles are implanted at equal distance from the canthi. 


PropTOSIS IN A S1X WEEK OLD INFANT. Dr. M. GREENBERG. 


D. M., a 6 week old boy, was admitted to the hospital with a history 
of proptosis of the left eye of three days’ duration. The past history and 
the family history were unimportant. General physical examination, 
including an examination of the nose and throat, gave negative results. 
Roentgenograms were not helpful in making the diagnosis. There was a 
mild leukocytosis, the white cell count being 11,400, with 44 per cent 
polymorphonuclears. The temperature was 100 F. An orbital abscess 
was diagnosed ; the orbit was aspirated, pus was found, and incision and 
drainage were done. The proptosis practically disappeared in four weeks. 








Book Reviews 


Hypokalzamie und Linse. Ein Beitrag zur Behandlung der Tetanie 
und Cataracta tetanica mit A. T. 10 Holtz [Dihydrotachysterol]. 
(Beiheft der Klinischen Monatsblatter fiir Augenheilkunde.) By 
Prof. A. Meesmann. Pp. 66, with 36 illustrations. Stuttgart: 
Ferdinand Enke, 1938. 


During the past years progress has been reported in the treatment 
of hypocalcemic tetany with dihydrotachysterol, as prepared by Holtz. 
The close relation between diseases of ectodermal structures like the 
lens and tetany has led to this review. 

A 0.5 per cent solution of dihydrotachysterol in oil is given by 
mouth. The knowledge concerning latent and relative parathyroid insuf- 
ficiency has been increased. Presenile cataract is frequently observed in 
cases of the former type. Hence the oculist may be the first one to 
suggest a possible association. 

The hormone of the parathyroid gland regulates the distribution of 
calcium in the soft tissues. Lack of calcium produces the symptoms of 
tetany, which consist of tonic convulsions, paresthesia, trophic distur- 
bances in the teeth, nails, hair and skin and tetanic cataract. The latent 
manifestation of calcium deficiency may occur in a great variety of 
forms, and relative hypofunction of the epithelial bodies is unusually 
frequent. The symptoms as they affect the central nervous system, the 
special sense organs, the circulation, the skin and the digestion are 
described. 

The rudimentary forms of this malady are important. They depend 
on a constitutional underfunction of the parathyroid gland, and the 
symptoms become manifest when the gland is overexerted. The classic 
symptoms of manifest tetany are absent, and the symptoms are not 
severe and appear only after bodily exertion, psychic exhaustion or 
during pregnancy. In the diagnosis it is self evident that the mechanical 
and electrical stimulation of the muscles should be tested and the calcium 
content of the blood determined. In the rudimentary form, the calcium 
content varies from 8 to 9.5 mg. per hundred cubic centimeters and not 
infrequently it is found at the lower level of normal (from 9.5 to 11 
mg. per hundred cubic centimeters ). 

On examination with the slit lamp tetanic cataract appears in the 
form of opacities, which are subcapsular and at an early stage involve the 
cortex at the posterior pole. It is important to carry out slit lamp 
examination in cases of recent involvement according to the regredient 
method of Vogt; subcapsular opacities will be discovered in the anterior 
capsule in the form of small drops. These symptoms are, however, not 
characteristic of tetanic cataract, as they also occur in cases of cataract 
associated with myotonic dystrophy and neurodermatitis. 

The author reports on 10 patients with cataract but without evidence 
of tetany, on 15 with tetanic cataract, both groups of whom were 
observed up to five years, and on 15 patients with tetanic cataract who 
were observed for not more than one year. The results of treatment 
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with the solution of dihydrotachysterol were as follows: It was neces- 
sary to extract the cataract in only 2 cases. In all of the other cases in 
which the patients were observed up to five years there was no increase 
in the subjective or objective symptoms. It is, of course, not possible 
to say that in later life there may not be a further progress of the 
opacity of the lens. 

Patients with other types of cataracts were examined for the pres- 
ence of symptoms of tetany. The subject of zonular cataract is gone 
into carefully, and the difficulties of an exact definition of this condition 
and the inexact reports found in the literature are mentioned. A study 
was also made of the calcium content and the symptoms of tetany in 
cases of congenital, coronary, posterior saucer-shaped and senile cata- 
racts. In the author’s opinion it is not possible to say in every case how 
the zonular cataract develops, as the causes are multiple, just as in the 
case of so-called rachitic teeth, a large proportion of which are due to 
hypocalcemia. This relation of hypocalcemia has been shown by the 
late examination of opacities of the lens in spasmophilic children and 
by symptoms of latent tetany in persons with zonular cataract. A large 
proportion of older patients with zonular cataract suffer from hypo- 
calcemia. 

The author concludes that the question of epithelial insufficiency 
must be further investigated, and this applies particularly to the other 
types of cataract mentioned. Of 27 cases of coronary cataract, there 
were 8 in which the calcium content was definitely deficient. A similar 
condition was found in the cases of posterior saucer-shaped cataract, so 
that exogenic causes cannot be excluded. Of 69 cases of senile cataract, 
a lowered calcium content was found in 16. It can be stated that in the 
cases of senile cataract the association with hypocalcemia is not proved. 
A complete bibliography accompanies this valuable monograph. 


ARNOLD KNAPP. 


Introduction to Ophthalmology. By Peter C. Kronfeld. Price, $3.50. 
Pp. 331, with 32 figures and 5 plates. Springfield, Ill.: Charles 
C. Thomas, Publisher, 1938. 


In his preface the author states that it has been his purpose to “formu- 
late the principles underlying that portion of Ophthalmology which is 


a necessary part of basic medical education. . . . Details of 
diagnosis, of methods of examination, and of treatment have been 
omitted. . . . Individual diseases are discussed . . . to illustrate 


pathogenetic principles.” 

The individual chapters deal with anatomy, diseases of the anterior 
adnexa, diseases of the cornea, uveitis, endophthalmitis, the lens, injuries, 
the physiology of the retinal circulation, vascular diseases of the eye, 
the intraocular pressure and its variations, neoplasms, the optic nerve, the 
visual pathway, the pupil, motor anomalies of the eye and refraction. 
\ brief ophthalmologic dictionary is combined with the index. 

Three of the chapters seem to be particularly valuable, and they 
concern subjects which seem to be of special interest to the author. 

The first, on the physiology of the retinal circulation, gives both 
briefly and concisely much pertinent information on the vascular pres- 
sures in the eye which is not easily obtainable. A table and a figure 
summarize the data. 
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The second chapter, on the vascular diseases of the eye, treats in a 
logical and satisfactory manner the various types of retinitis, particularly 
those associated with the different clinical types of nephritis. The author 
has summarized thousands of words when he concludes that “there 
seems to be rather strong evidence for the view that retinitis, irrespec- 
tive of the character of the primary general disease, is the result of a 
disturbance of tissue metabolism by insufficient blood supply to the 
vessel wall and to the retina.” 

The third chapter, on intraocular pressure, covers the various 
theories of the production of aqueous and the mechanism of the mainte- 
nance of normal tension; it also outlines the several clinical types of 
glaucoma in a reasonable manner. Kronfeld concludes that there are 
probably a number of causes of glaucoma just as there are a number 
of clinical types. 

There are a few dogmatic statements in the book to which I take 
exception and would modify as follows: The close spatial relation 
of the optic nerve and the posterior nasal sinuses does not explain 
the neural lesions attributed to disease of the sinuses. There is no evi- 
dence that papillitis is an inflammation (using the term as it is used in 
the field of general surgery) ; both papillitis and papilledema are probably 
pressure or edema phenomena. There is a great deal of evidence that 
retinitis pigmentosa is secondary to lesions of the choriocapillaris rather 
than a primary degeneration of the retina, nor is it always bilateral 
and hereditary. Most of the cases of retrobular neuritis are not due to 
an inflammatory lesion of the nerve, and, after reviewing a fairly long 
series of cases, it is apparent that many of the patients do not recover 
spontaneously. The cases in which normal vision is recovered are 
remembered ; the others are forgotten. Likewise, tobacco and alcohol 
are not as a rule more injurious than tobacco alone in the production of 
toxic amblyopia. In fact, the recovery seems to be more rapid and 
more complete in the smokers who also use moderate amounts of alcohol 
than in those who do not. Also, in the type not associated with pellagra 
or polyneuritis, the primary pathologic process is apparently vascular. 

As the author has developed certain phases of the subject in a com- 
plete and erudite fashion, it seems to me that to be consistent a con- 
sideration of certain other subjects might well have been included in a 
book of this type. Among these are Adie’s syndrome, the irritative phase 
of Horner’s syndrome, chronaxia, the implications of humoral physi- 
ology as applied to the eye, a fuller discussion of the fundamental 
physiology and pathology of allergy, the question of the relation of 
thromboangiitis obliterans to retinal vascular disease, the ocular lesions 
which accompany certain cutaneous diseases and a discussion of that 
interesting group of diseases which includes sympathetic ophthalmia, the 
uveitis associated with alopecia, poliosis, dysacousia and vitiligo and 
Harada’s disease (which may be a clinical variant of the last-mentioned 
disease). 

In the main, the author has carried out his intentions of discussing 
ophthalmology in its relations to general medicine, and it was a distinct 
pleasure to read the book. Much of it, however, is an introduction 
to advanced ophthalmology, and as such, it is not suitable for medical 
students but can be recommended for ophthalmologists who make some 
effort to keep abreast of the current literature. 


W. F. DuGGANn. 
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A Child’s Graded Reading Book for Eye Specialists. By Henry R. 
Nesburn, M.D., and Daniel L. Risley, M. A. Price, $15. Pp. 23. 
Hollywood, Calif.: Harpel-Bean Company, 1938. 


Oculists frequently are consulted concerning the school difficulties of 
a backward child or the preparation of a normal child for the task 
of learning to read and to enter school work. Visual recognition of pic- 
ture forms, symbol (letter) forms and word forms enter (among 
other factors) into the situation, and the child’s ability to recognize and 
respond to these forms should be tested. 

The authors have prepared a series of graded plates involving 
visual recognition, interpretation and comprehension of material in 
each of these form classes and have bound them together into a useful ~ 
little booklet. While it by no means furnishes a complete analysis of 
the child’s visual functions and comprehension, it is simple and appears 
to be a careful and well arranged piece of work which has a definite and 
valuable place in such tests. It does not pretend to be more than it is 
and leaves the questions of refractive errors, muscle imbalances and 
fusional abilities where they belong. 

It seems to me that the ages set for the recognition of symbol forms 
are too high—that these tests are usually passed by children at least 
a year younger. Also, if one were to suggest improvements, the jump 
from the recognition of picture forms to the recognition of symbol forms 
is too great. An intermediate step, such as the inclusion of a symbol E 
chart rating between pictures and letters, would add value. 

The child’s vocabulary today is interesting (or was it always so?), 
as among the first twenty words he learns (including six letter words) 
“no” ranks high, but “yes” is not included. 

The booklet was worth preparing and is worth possessing and using. 


‘ LEGRAND H. Harpy. 


Proceedings of the All-India Ophthalmological Society. Volume 5: 
Session 1936. Pp. 270. Madras, India: Madras Publishing House, 
Ltd.,_ 1937. 


Under the presidency of Dr. B. K. Narayana Rao, the fifth con- 
ference of the All-India Ophthalmological Society was held on Dec. 
18-21, 1936, in the Patiala Block of the King Edward Medical College, 
Lahore. The society publishes the proceedings of the meeting as soon 
after the conference as possible. 

The program was opened with a symposium on diabetes and ocular 
diseases. This was followed by papers on corneal grafting, tattooing of 
the cornea, various types of operations for cataract and on a number 
of clinical conditions. Of particular interest were a number of 
papers on glaucoma in connection with epidemic dropsy, particularly 
regarding the changes in the visual fields and the influence of dark 
adaptation. Communications on the treatment of detachment of the 
retina, on contact glasses, on tumors of the orbit, on the incidence of 
sympathetic ophthalmia in South India, on the surgical treatment of 
squint and on radium treatment for spring catarrh indicate the wide 
interest that is taken in India in clinical problems. 

ARNOLD Knapp. 








News and Notes 


SOCIETY NEWS 


Canadian Ophthalmological Society.—The first meeting of the 
Canadian Ophthalmological Society was held at the Montreal Neuro- 
logical Institute on August 24 and 25. Sir Stewart Duke-Elder pre- 
sented an address on “Progress in Ophthalmology,” which will be 
printed in the Journal of the Canadian Medical Association, and there 
was a symposium on visual standards in Canada, participated in by 
Dr. G. Stuart Ramsey, Dr. E. A. McCusker, Dr. W. G. Fraser, Dr. 
F. T. Tooke, Dr. J. Vaillancourt and Dr. F. A. Aylesworth. 


Ophthalmological Society of Australia—The Ophthalmological 
Society of Australia (B. M. A.) was organized on March 22, 1938. 
The officers are: president, Sir James W. Barrett; vice president, Dr. 
A. James Flynn; secretary, Dr. Darcy A. Williams; treasurer, Dr. 
Leonard J. C. Mitchell. 

The first meeting will be held at Melbourne, April 3 to 6, 1939. 





Directory of Ophthalmologic Societies * 


INTERNATIONAL 
INTERNATIONAL ASSOCIATION FOR PREVENTION OF BLINDNESS 
President: Dr. P. Bailliart, 66 Boulevard Saint-Michel, Paris, 6¢, France. 
Secretary-General: Prof. M. Van Duyse, Université de Gand, Gand, Prov. 
Ostflandern, Belgium. 
All correspondence should be addressed to the Secretariat, 66 Boulevard Saint- 
Michel, Paris, 6*, France. 


INTERNATIONAL OPHTHALMOLOGIC CONGRESS 
Secretary: Dr. E. Marx, Costzeedijk 316, Rotterdam, Netherlands. 


INTERNATIONAL ORGANIZATION AGAINST TRACHOMA 
President: Dr. A. F. MacCallan, 33 Welbeck St., London, W., England. 


FOREIGN 
BritisH MEDICAL ASSOCIATION, SECTION ON OPHTHALMOLOGY 


President: Dr. Stewart Duke-Elder, 59 Harley St., London, W. 1. 
Secretary: Dr. Thomasina Belt, 13 Mitchell Ave., Jesmond, Newcastle-on-Tyne. 


CHINESE OPHTHALMOLOGICAL SOCIETY OF PEIPING 
President: Dr. H. T. Pi, Peiping Union Medical College, Peiping. 
Secretary: Dr. C. K. Lin, 180 Hsi-Lo-yen, Chienmeng, Peiping. 


Place: Peiping Union Medical College, Peiping. Time: Last Friday of each 
month. 


GERMAN OPHTHALMOLOGICAL SOCIETY 
President: Prof. W. Lohlein, Berlin. 
Secretary: Prof. E. Engelking, Heidelberg. 


MIDLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. W. Niccol, 4 College Green, Gloucester, England. 
Secretary: T. Harrison Butler, 81 Edmund St., Birmingham, England. 
Place: Birmingham and Midland Eye Hospital. 


OPHTHALMOLOGICAL SOCIETY OF EGYPT 
President: Prof. Dr. Mohammed Mahfouz Bey, Government Hospital, Alexandria. 
Secretary: Dr. Mohammed Khalil, 4 Baehler St., Cairo. 
All correspondence should be addressed to the Secretary, Dr. Mohammed Khalil. 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 
President: Mr. Gordon M. Holmes, 9 Wimpole St., London, W. 1. 
Secretary: Mr. H. B. Stallard, 35 Harley St., London, W. 1. 


OPHTHALMOLOGY SOCIETY OF BOMBAY 
President: Dr. D. D. Sathaye, 127 Girgaum Road, Bombay 4, India. 
Secretary: Dr. H. D. Dastur, Dadar, Bombay 14, India. 
Place: H. B. A. Free Ophthalmic Hospital, Parel, Bombay 12. Time: First 
Friday of every month. 


* Secretaries of societies are requested to furnish the information necessary 
to make this list complete and to keep it up to date. 
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Oxrorp OPHTHALMOLOGICAL CONGRESS 


Master: Dr. Percival J. Hay, 350 Glossup Rd., Sheffield 10, England. 

Hon. Secretary-Treasurer: Dr. F. A. Anderson, 12 St. John’s Hill, Shrewsbury, 
England. 

Time: July 1939. 


PALESTINE OPHTHALMOLOGICAL SOCIETY 


President: Dr. Arieh Feigenbaum, Abyssinian Str. 15, Jerusalem. 
Secretary: Dr. E. Sinai, Tel-Aviv. 


PoLtisH OPHTHALMOLOGICAL SOCIETY 
President: Dr. W. KapuScinski, 2 Waly Batorego, Poznan. 
Secretary: Dr. J. Sobanski, Lindley’a 4, Warsaw. 
Place: Lindley’a 4, Warsaw. 


Royat Society oF MEDICINE, SECTION OF OPHTHALMOLOGY 


President: Dr. Malcolm Hepburn, 111 Harley St., London, W. 1, England. 
Secretary: Dr. C. Dee Shapland, 15 Devonshire Pl., London, W. 1, England. 


Socr—t& FRANCAISE D’OPHTALMOLOGIE 
Secretary: Dr. René Onfray, 6 Avenue de la Motte Picquet, Paris, 7¢. 


Soctety OF SWEDISH OPHTHALMOLOGISTS 


President: Prof. K. G. Ploman, Stockholm. 
Secretary: Dr. K. O. Granstrém, Sddermalmstorg 4 III tr., Stockholm, S6. 


Tet-Aviv OPHTHALMOLOGICAL SOCIETY 


President: Dr. D. Arieh-Friedman, 96 Allenby Str., Tel-Aviv, Palestine. 
Secretary: Dr. Sadger Max, 9 Bialik Str., Tel-Aviv, Palestine. 


TsINAN OPHTHALMOLOGICAL SOCIETY 
Chairman: Dr. Eugene Chan, Cheeloo University School of Medicine, Tsinan, 
Shantung, China. 
Place: Cheeloo University School of Medicine. Time: Last Thursday of alter- 
nate months. 
NATIONAL 
AMERICAN MEDICAL ASSOCIATION, SCIENTIFIC ASSEMBLY, SECTION ON 
OPHTHALMOLOGY 
Chairman: Dr. S. Judd Beach, 704 Congress St., Portland, Maine. 
Secretary: Dr. Derrick T. Vail Jr., 441 Vine St., Cincinnati. 
Place: St. Louis. Time: May 15-19, 1939. 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY, 
SECTION ON OPHTHALMOLOGY 
President: Dr. Harry S. Gradle, 58 E. Washington St., Chicago. 
Executive Secretary-Treasurer: Dr. William P. Wherry, 1500 Medical Arts 
Bldg., Omaha. 
Place: Washington, D. C. Time: Oct. 9-14, 1938. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 


President: Dr. Frederick Tooke, 1482 Mountain St., Montreal, Canada. 
Secretarv-Treasurer: Dr. Eugene M. Blake, 303 Whitney Ave., New Haven, Conn. 
Place: Hot Springs, Va. 


CANADIAN OPHTHALMOLOGICAL SOCIETY 


President: Dr. W. Gordon M. Byers, 1458 Mountain St., Montreal. 
Secretary-Treasurer: Dr. Alexander E. MacDonald, 421 Medical Arts Bldg., 
Toronto. 








DIRECTORY 


NATIONAL SOCIETY FOR THE PREVENTION OF BLINDNESS 


President: Mr. William Fellowes Morgan, 50 W. 50th St., New York. 
Secretary: Miss Regina E. Schneider, 50 W. 50th St., New York. 


SECTIONAL 
CENTRAL WISCONSIN SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. L. C. Gardner, 11 N. Main St., Fond du Lac. 


Secretary: Dr. G. L. McCormick, 626 S. Central Ave., Marshfield. 
Place: Rochester, Minn. Time: Nov. 11, 1938. 


New ENGLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. Edwin B. Goodall, 101 Bay State Rd., Boston. 
Secretary-Treasurer: Dr. Trygve Gundersen, 243 Charles St., Boston. 
Place: Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston. Time: 
8 p. m., third Tuesday of each month from November to April, inclusive. 


Paciric Coast OT0O-OPHTHALMOLOGICAL SOCIETY 
President: Dr. F. C. Cordes, 384 Post St., San Francisco. 
Secretary-Treasurer: Dr. C. Allen Dickey, 450 Sutter St., San Francisco. 
Place: San Francisco. Time: June 19-22, 1939. 


Pucet Sounp ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. H. L. Goss, Cobb Bldg., Seattle, Wash. 
Secretary-Treasurer: Dr. Purman Dorman, 1115 Terry Ave., Seattle, Wash. 
Place: Seattle or Tacoma, Wash. Time: Third Tuesday of each month, except 
June, July and August. 


Rock River VALLEY Eye, Ear, NosE AND THROAT SOCIETY 
President: Dr. L. J. Friend, 425 E. Grand Ave., Beloit, Wis. 
Secretary-Treasurer: Dr, Thorsten E. Blomberg, 501-7th St., Rockford, III. 
Place: Rockford, IIll., or Janesville or Beloit, Wis. Time: Third Tuesday of 

each month from October to April, inclusive. 


SAGINAW VALLEY ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Don M. Howell, Alma, Mich. 
Secretary-Treasurer: Dr. Louis D. Gomon, 308 Eddy Bldg., Saginaw, Mich. 
Place: Saginaw or Bay City, Mich. Time: Second Tuesday of each month, 
except July and August. 


Sioux VALLEY EYE anp Ear ACADEMY 


President: Dr. R. A. Kelly, 304 N. Main St., Mitchell, S. D. 
Secretary-Treasurer: Dr. J. C. Decker, 515 Frances Bldg., Sioux City, Iowa. 


SOUTHERN MEDICAL ASSOCIATION, SECTION ON EYE, Ear, NosE AND THROAT 


Chairman: Dr. Grady E. Clay, Medical Arts Bldg., Atlanta, Ga. 
Secretary: Dr. John R. Hume, 921 Canal St., New Orleans. 


SOUTHWESTERN MICHIGAN TRIOLOGICAL SOCIETY 


President: Dr. John Hunter McRae, 26 Sheldon Ave., S. E., Grand Rapids. 

Secretary-Treasurer: Dr. Dewey R. Heetderks, 405 Medical Arts Bldg., Grand 
Rapids. 

Time: Third Thursday of alternate months. 


WESTERN PENNSYLVANIA Eye, Ear, Nos—E AND THROAT SOCIETY 


President: Dr. C. M. Harris, Johnstown. 
Secretary-Treasurer: Dr. C. Wearne Beals, 41 N. Brady St., DuBois. 
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STATE 
CoLoRADO OPHTHALMOLOGICAL SOCIETY 
President: A presiding officer is selected for each meeting alternately until all 
members have served. 
Secretary: Dr. John C. Long, 324 Metropolitan Bldg., Denver. 


Place: Capitol Life Bldg., Denver. Time: 7:30 p. m., third Saturday of each 
month, October to May, inclusive. 


ConNEcTICUT STATE MeEpICAL Society, SECTION ON Eye, Ear, 
NosE AND THROAT 
President: Dr. William M. Good, 63 Center St., Waterbury, Conn. 
Secretary-Treasurer: Dr. S. J. Silverberg, 201 Park St., New Haven. 


Eye, Ear, Nos—E AND THROAT CLUB OF GEORGIA 


President: Dr. Grady E. Clay, 384 Peachtree St., N. E., Atlanta. 
Secretary-Treasurer: Dr. J. Mason Baird, 511 Medical Arts Bldg., Atlanta. 


INDIANA ACADEMY OF OPHTHALMOLOGY AND OtTo-LARYNGOLOGY 


President: Dr. C. W. Rutherford, 23 E. Ohio St., Indianapolis. 
Secretary: Dr. Marlow W. Manion, 23 E. Ohio St., Indianapolis. 
Place: Indianapolis. Time: First Wednesday in April. 


Iowa ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. H. H. Lamb, American Bank Bldg., Davenport. 


Secretary-Treasurer: Dr. B. M. Merkel, 604 Locust St., Des Moines. 
Place: Davenport. 


LouUISIANA-MISSISSIPPI OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 
President: Dr. Francis E. Le Jeune, 632 Maison Blanche Bldg., New Orleans. 


Secretary-Treasurer: Dr. Edley H. Jones, 1301 Washington St., Vicksburg, Miss. 
Place: Gulfport, Miss. Time: May 8, 1939. 


MICHIGAN STATE MEDICAL SOocIETy, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


Chairman: Dr. F. N. Smith, Grand Rapids Clinic, Grand Rapids. 
Secretary: Dr. Dewey R. Heetderks, 26 Sheldon Ave., S. E., Grand Rapids. 


MINNESOTA ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Frank N. Knapp, 318 W. Superior St., Duluth. 
Secretary-Treasurer: Dr. George E. McGeary, 920 Medical Arts Bldg., Minne- 

apolis. 
Time: Second Friday of each month from October to May. 


MoNTANA ACADEMY OF OTO-OPHTHALMOLOGY 


President: Dr. Roy Grigg, Bozeman. 
Secretary: Dr. A. W. Morse, 507 Phoenix Bldg., Butte. 


New Jersey STATE Mepicat Society, SECTION ON OPHTHALMOLOGY, 
OTOLOGY AND RHINOLARYNGOLOGY 
Chairman: Dr. Norman W. Burritt, 30 Beechwood Rd., Summit. 
Secretary: Dr. A. Russell Sherman, 671 Broad St., Newark. 
Place: Atlantic City. Time: June 1939. 


New York State Mepicat Society, Eve, Ear, Nose AND THROAT SECTION 


Chairman: Dr. Algernon B. Reese, 73 E. 71st St., New York. 
Secretary: Dr. Chester C. Cott, 333 Linwood Ave., Buffalo. 
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NortH Caro_tina Eye, Ear, Nos—E AND THROAT SOCIETY 


President: Dr. J. M. Lilly, 302 Old St., Fayetteville. 
Secretary-Treasurer: Dr. Frank C. Smith, 106 W. 7th St., Charlotte. 
Place: Charlotte. Time: October. 


NortH DaxkotTa ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. N. A. Youngs, 322 De Mers Ave., Grand Forks. 


Secretary-Treasurer: Dr. F. L. Wicks, 516-6th St., Valley City. 
Place: Fargo. Time: May 1939. 


OrEGON ACADEMY OF OPHTHALMOLOGY AND OrtTo-LARYNGOLOGY 
President: Dr. L. O. Clement, 406 State St., Salem. 
Secretary-Treasurer: Dr. Paul Bailey, 833 S. W. 11th Ave., Portland. 
Place: Good Samaritan Hospital, Portland. Time: Third Tuesday of each month. 


RHODE ISLAND OPHTHALMOLOGICAL AND OTOLOGICAL SOCIETY 
Acting President: Dr. N. Darrell Harvey, 112 Waterman St., Providence. 
Secretary-Treasurer: Dr. Linley C. Happ, 124 Waterman St., Providence. 
Place: Rhode Island Medical Society Library, Providence. Time: 8:30 p. m.,, 
second Thursday in October, December, February and April. 


SoutH CAROLINA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. S. B. Fishburne, 1430 Marion St., Columbia. 
Secretary: Dr. J. W. Jervey Jr., 101 Church St., Greenville. 
Place: Columbia. Time: Nov. 1, 1938. 


TENNESSEE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. Kate Savage Zerfoss, 165-8th Ave., N., Nashville. 
Secretary-Treasurer: Dr. W. D. Stinson, 805 Medical Arts Bldg., Memphis. 


TExAS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. T. E. Fuller, 100 W. Board St., Texarkana, Texas. 
Secretary: Dr. O. M. Marchman, 1719 Pacific Ave., Dallas. 


UTAH OPHTHALMOLOGICAL SOCIETY 


President: Dr. V. P. White, 14314 S. Main St., Salt Lake City. 
Secretary-Treasurer: Dr. E. B. Fairbanks, Boston Bldg., Salt Lake City. 
Time: Third Monday of each month. 


VIRGINIA Society oF OrtTo-LaryYNGOLOGY AND OPHTHALMOLOGY 


President: Dr. Charles T. St. Clair, 418 Bland St., Bluefield, W. Va. 
Secretary-Treasurer: Dr. M. H. Williams, 30% Franklin Rd., S. W., Roanoke. 


WEstT VIRGINIA STATE MEDICAL ASSOCIATION, Eye, Ear, Nose 
AND THROAT SECTION 


President: Dr. George Traugh, 309 Cleveland Ave., Fairmont. 
Secretary: Dr. Welch England, 62114 Market St., Parkersburg. 


LOCAL 


ACADEMY OF MEDICINE OF NORTHERN NEW JERSEY, SECTION ON 
Eye, Ear, Nose AND THROAT 


President: Dr. Andrew Rados, 31 Lincoln Park, Newark. 

Secretary: Dr. William F. McKim, 317 Roseville Ave., Newark. 

Place: 91 Lincoln Park South, Newark. Time: 8:45 p. m., second Monday of 
each month, October to May. 
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AKRON ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. L. E. Brown, Second National Bldg., Akron, Ohio. 
Secretary-Treasurer: Dr. C. R. Anderson, 106 S. Main St., Akron, Ohio. 
Time: First Monday in January, March, May and November. 


ATLANTA Eye, Ear, Nose ANp THROAT SOCIETY 


President: Dr. J. Mason Baird, Medical Arts Bldg., Atlanta, Ga. 

Secretary: Dr. Alton V. Hallum, 478 Peachtree St., Atlanta, Ga. 

Place: Academy of Medicine, 38 Prescott St. Time: Second Friday of each 
month from October to May. 


BALTIMORE MeEpIcaLt Society, SECTION ON OPHTHALMOLOGY 


Chairman: Dr. Frank B. Walsh, Wilmer Institute, Johns Hopkins Hospital, 
Baltimore. 

Secretary: Dr. Fred M. Reese, 6 E. Eager St., Baltimore. 

Place: Medical and Chirurgical Faculty, 1211 Cathedral St. Time: 8:30 p. m, 
fourth Thursday of each month from October to May. 


BROOKLYN OPHTHALMOLOGICAL SOCIETY 


President: Dr. E. Clifford Place, 59 Livingston St., Brooklyn. 

Secretary-Treasurer: Dr. Frank Mallon, 1135 Park Pl., Brooklyn. 

Place: Kings County Medical Society Bldg., 1313 Bedford Ave. Time: Third 
Thursday in February, April, May, October and December. 


BuFFALO OPHTHALMOLOGIC CLUB 


President: Dr. Ivan J. Koenig, 40 North St., Buffalo. 
Secretary-Treasurer: Dr. Meyer H. Riwchun, 367 Linwood Ave., Buffalo. 
Time: Second Thursday of each month. 


CHATTANOOGA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Each member, in alphabetical order. 

Secretary: Dr. A. H. Benz, 706 Medical Arts Bldg., Chattanooga, Tenn. 

Place: Mountain City Club. Time: Second Thursday of each month from Sep- 
tember to May. 


CHICAGO OPHTHALMOLOGICAL SOCIETY 


President: Dr. Georgiana Dvorak-Theobald, 715 Lake St., Oak Park, III. 

Secretary-Treasurer: Dr. Earle B. Fowler, 55 E. Washington St., Chicago. 

Place: Medinah Michigan Avenue Club, 505 N. Michigan Ave. Time: Third 
Monday of each month from October to May. 


CINCINNATI OPHTHALMIC CLUB 


Chairman: Each member, in rotation. 

Secretary-Treasurer: Dr. E. R. Thomas, 819 Carew Tower, Cincinnati. 

Place: Holmes Memorial Library, Cincinnati General Hospital. Time: 8:15 
p. m., third Monday of each month except June, July and August. 


CLEVELAND OPHTHALMOLOGICAL CLUB 


Chairman: Dr. Paul Moore, Republic Blidg., Cleveland. 
Secretary: Dr. G. Leslie Miller, 14805 Detroit Ave., Cleveland. 
Time: Second Tuesday in October, December, February and April. 
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COLLEGE OF PHYSICIANS, PHILADELPHIA, SECTION ON OPHTHALMOLOGY 
Chairman: Dr. Alexander G. Fewell, 1924 Pine St., Philadelphia. 


Clerk: Dr. W. S. Reese, 1901 Walnut St., Philadelphia. 
Time: Third Thursday of every month from October to April, inclusive. 


CoLuUMBUS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 
Chairman: Dr. Hugh G. Beatty, 150 E. Broad St., Columbus, Ohio. 


Secretary-Treasurer: Dr. W. A. Stoutenborough, 21 E. State St., Columbus, Ohio. 
Place: Deshler Wallick Hotel. Time: 6 p. m., first Monday of each month. 


Corpus Curist1 Eve, Ear, NosE— anp THROAT SOCIETY 
Chairman: Dr. Edgar G. Mathis, 416 Chaparral St., Corpus Christi, Texas. 


Secretary: Dr. E. King Gill, 416 Chaparral St., Corpus Christi, Texas. 
Time: Second Thursday of each month from October to May. 


DaLLAs ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. Lester H. Quinn, 4105 Live Oak, Dallas, Texas. 

Secretary: Dr. J. Dudley Singleton, 1719 Pacific Ave., Dallas, Texas. 

Place: Dallas Athletic Club. Time: 6:30 p. m.,, first Tuesday of each month 
from October to June. The November, January and March meetings are 
devoted to clinical work. 


Des Mornes ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. E. G. Linn, 604 Locust St., Des Moines, Iowa. 

Secretary-Treasurer: Dr. Grace Doane, 614 Bankers Trust Bldg., Des Moines, 
Iowa. 

Time: 7:45 p. m., third Monday of every month from September to May. 


DETROIT OPHTHALMOLOGICAL CLUB 


Chairman: Members rotate alphabetically. 
Secretary: Dr. William Fowler, 1066 Maccabee Bldg., Detroit. 
Time: 6:30 p. m., first Wednesday of each month. 


EasterN New York Eye, Ear, NosE AND THROAT ASSOCIATION 


President: Dr. L. A. Hulsebosch, 191 Glen St., Glen Falls. 
Secretary-Treasurer: Dr. Joseph L. Holohan, 330 State St., Albany. 
Time: Third Wednesday in October, November, March, April, May and June. 


Fort WortH Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. R. A. Gough, 602 W. 10th St., Fort Worth, Texas. 

Secretary-Treasurer: Dr. Charles R. Lees, 806 Medical Arts Bldg., Fort Worth, 
Texas. 

Place: Medical Hall, Medical Arts Bldg. Time: 7:30 p. m, first Friday of each 
month except July and August. 


Granp Rapips Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. Dewey R. Heetderks, 405 Medical Arts Bldg., Grand Rapids, Mich. 

Secretary-Treasurer: Dr. Robert G. Laird, 116 E. Fulton St., Grand Rapids, Mich. 

Place: Various local hospitals. Time: Third Thursday of alternating months, 
September to May. 


Houston ACADEMY OF MEDICINE, Eve, Ear, NoSE AND 
THROAT SECTION 


President: Dr. Louis Daily, 1215 Walker Ave., Houston, Texas. 

Secretary: Dr. Herbert H. Harris, 1004 Medical Arts Bldg., Houston, Texas. 

Place: Medical Arts Bldg., Harris County Medical Society Rooms. Time: 
8 p. m., second Thursday of each month from September to June. 
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INDIANAPOLIS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 
President: Dr. J. K. Leasure, 23 E. Ohio St., Indianapolis. 
Secretary: Dr. Kenneth L. Craft, 23 E. Ohio St., Indianapolis. 
Place: University Club. Time: 6:30 p. m., second Thursday of each month 
from October to June. 


Kansas City Society oF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. E. N. Robertson, Concordia, Kan. 
Secretary: Dr. John S. Knight, 1103 Grand Ave., Kansas City, Mo. 
Time: Third Thursday of each month from October to June. The November, 
January and March meetings are devoted to clinical work. 


Lone BeacnH Eye, Ear, NoSE AND THROAT SOCIETY 
Chairman: Dr. Ben K. Parks, 619 Professional Bldg., Long Beach, Calif. 
Secretary-Treasurer: Dr. Paul Nilsson, 211 Cherry Ave., Long Beach, Calif. 
Place: Professional Bldg. Time: Last Wednesday of each month from October 
to May. 


Los ANGELES SOCIETY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. Clifford B. Walker, 427 W. 5th St., Los Angeles. 
Secretary-Treasurer: Dr. John P. Lordan, 2007 Wilshire Blvd., Los Angeles. 
Place: Los Angeles County Medical Association Bldg., 1925 Wilshire Blvd. Time: 

6:30 p. m., fourth Monday of each month from September to May, inclusive. 


LouIsvILLE Eye, Ear, Nos—E AND THROAT SOCIETY 
President: Dr. Gaylord C. Hall, Brown Bldg., Louisville, Ky. 
Secretary-Treasurer: Dr. Charles K. Beck, Starks Bldg., Louisville, Ky. 
Place: Brown Hotel. Time: 6:30 p. m., second Thursday of each month from 
September to May, inclusive. 





MEDICAL SOCIETY OF THE DIstTRIcT OF COLUMBIA, SECTION OF 
OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. Earle Breeding, 1801 I St., N. W., Washington. 
Secretary: Dr. Elmer Shepherd, 1606-20th St., N. W., Washington. 
Place: 1718 M St., N. W. Time: 8 p. m., third Friday of each month from 
October to April, inclusive. 


MEMPHIS SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Each member, in alphabetical order. 
Secretary: Dr. Sam H. Sonders, Medical Arts Bldg., Memphis, Tenn. 
Place: Eye Clinic of Memphis Eye, Ear, Nose and Throat Hospital. Time: 
8 p. m., second Tuesday of each month. 


MILWAUKEE OTO-OPHTHALMIC SOCIETY 
President: Dr. John E. Mulsow, 231 W. Wisconsin Ave., Milwaukee. 
Secretary-Treasurer: Dr. John B. Hitz, 411 E. Mason St., Milwaukee. 
Place: University Club. Time: 6:30 p. m., second Tuesday of each month. 


MINNEAPOLIS OPHTHALMOLOGICAL SOCIETY 
Chairman: Each member, in alphabetical order. 
Secretary: Dr. M. C. Pfunder, 645 Medical Arts Bldg., Minneapolis. 
Place: Hennepin County Medical Society rooms. Time: 6:30 p. m., fourth 
Monday of each month, October to May, inclusive. 


MONTGOMERY CouNTY MEDICAL SocIETY 
Chairman: Dr. P. H. Kilbourne, Fidelity Bldg., Dayton, Ohio. 
Secretary-Treasurer: Dr. Maitland D. Place, 981 Reibold Bldg., Dayton, Ohio. 
Place: Van Cleve Hotel. Time: 6:30 p. m., monthly, first Tuesday from October 
to June, inclusive. 
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MONTREAL OPHTHALMOLOGICAL SOCIETY 
President: Dr. L. de G. Joubert, 690 Dunlop St., Montreal, Canada. 
Secretary: Dr. K. B. Johnston, 1509 Sherbrooke St., W., Montreal, Canada. 
Time: Second Thursday of October, December, February and April. 


NASHVILLE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. Guy Maness, 119-7th Ave., Nashville, Tenn. 
Secretary-Treasurer: Dr. Andrew Hollabaugh, Doctors Bldg., Nashville, Tenn. 
Place: St. Thomas Hospital. Time: 8 p. m., third Monday of each month from 

October to May. 


New ORLEANS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 
President: Dr. R. H. Fisher, Chess and Checker Club, New Orleans. 
Secretary-Treasurer: Dr. H. F. Brewster, 837 Gravier St., New Orleans. 


Place: Eye, Ear, Nose and Throat Hospital. Time: Third Thursday of each 
month from October to June. 


New YorK ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Chairman: Dr. James W. White, 15 Park Ave., New York. 
Secretary: Dr. Rudolf Aebli, 30 E. 40th St., New York. 
Time: 8:30 p. m., third Monday of every month from October to May, inclusive. 


New York Society FOR CLINICAL OPHTHALMOLOGY 
President: Dr. Percy Fridenberg, 38 W. 59th St., New York. 
Secretary: Dr. David Alperin, 889 Park Place, Brooklyn. 


Place: Squibb Hall, 745-Sth Ave. Time: 8 p. m., first Monday of each month 
from October to May, inclusive. 


OMAHA AND CouNciL BLUFFS OPHTHALMOLOGICAL AND 
Oto-LARYNGOLOGICAL SOCIETY 


President: Dr. Philip Romonek, 107 S. 17th St., Omaha. 

Secretary-Treasurer: Dr. W. Howard Morrison, 1500 Medical Arts Bldg., Omaha. 

Place: Omaha Club, 20th and Douglas Sts.. Omaha. Time: 6 p. m., dinner; 
7 p. m., program; third Wednesday of each month from October to May. 


OPHTHALMOLOGICAL SOCIETY OF THE UNIVERSITY OF PITTSBURGH 
President: Dr. W. W. Blair, 121 University Pl., Pittsburgh. 
Secretary: Dr. George H. Shuman, 351-5th Ave., Pittsburgh. 
Time: Second Monday in November, January, March and May. 


PASSAIC-BERGEN OPHTHALMOLOGICAL CLUB 
President: Dr. R. N. Berke, 430 Union St., Hackensack, N. J. 
Secretary-Treasurer: Dr. T. A. Sanfacon, 340 Park Ave., Paterson, N. J. 
Place: Paterson Eye and Ear Infirmary. Time: 9 p. m., last Friday of every 
month, except June, July and August. 


PHILADELPHIA County Mepicat Society, Eye SEctTIon 
Chairman: Dr. Walter I. Lillie, 255 S. 17th St., Philadelphia. 
Secretary: Dr. Edmund B. Spaeth, 1930 Chestnut St., Philadelphia. 
Time: First Thursday of each month from October to May. 


PITTSBURGH OPHTHALMOLOGICAL SOCIETY 
President : Dr. Edward Stieren, Union Trust Bldg., Pittsburgh. 
Secretary: Dr. George H. Shuman, 351-5th Ave., Pittsburgh. 
Place: Pittsburgh Academy of Medicine Bldg. Time: Fourth Monday of each 
month, except June, July, August and September. 


RICHMOND OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 
President: Dr. N. H. Turner, 200 E. Franklin St., Richmond, Va. 
Secretary: Dr. Richard W. Vaughan, Medical Arts Bldg., Richmond, Va. 
Place: Westmoreland Club. Time: 6 p. m., second Monday of each month from 
October to May. 
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RocHESTER Eye, Ear, NosE AND THROAT SOCIETY 
President: Dr. R. E. Elliott, .78 S. Fitzhugh St., Rochester, N. Y. 
Secretary-Treasurer: Dr. Raphael Farber, 280 Monroe Ave., Rochester, N. Y. 
Place: Rochester Medical Association, 113 Prince St. Time: 8 p. m., third 
Monday of each month from October to May. 


St. Lours OPHTHALMIC SOCIETY 
President: Dr. Roy E. Mason, Frisco Bldg., St. Louis. 
Secretary: Dr. Leslie Charles Drews, 508 N. Grand Blvd., St. Louis. 
Place: Oscar Johnson Institute. Time: Clinical meeting 5:30 p. m., dinner and 
scientific meeting 6:30 p. m., fourth Friday of each month from October to 
April, inclusive, except December. 


San ANTONIO OPHTHALMOLO-OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. Oscar H. Judkins, 414 Navarro St., San Antonio, Texas. 

Secretary-Treasurer: Dr. Wilfred E. Muldoon, 414 Navarro St., San Antonio, 
Texas. 

Place: Bexar County Medical Library. Time: 8 p. m., first Tuesday of each 
month from October to May. 


San Francisco County Mepicat Society, SECTION oN Eyr, 
Ear, NosE AND THROAT 
Chairman: Dr. Russell Fletcher, 490 Post St., San Francisco. 
Secretary: Dr. Avery Morley Hicks, 490 Post St., San Francisco. 
Place: Society’s Bldg., 2180 Washington St., San Francisco. Time: Fourth 
Tuesday of every month except May, June, July and December. 


SHREVEPORT Eye, Ear, NoSE AND THROAT SOCIETY 
President: Dr. R. R. Kirkpatrick, 6th and Walnut Sts., Texarkana, Ark. 
Secretary-Treasurer: Dr. W. L. Atkins, 940 Margaret Pl., Shreveport, La. 
Place: Shreveport Charity Hospital. Time: 7:30 p. m., first Monday of every 
month except July, August and September. 


SPOKANE ACADEMY OF OPHTHALMOLOGY AND OtTo-LARYNGOLOGY 
President: Dr. P. B. Greene, 422 Riverside Ave., Spokane, Wash. 
Secretary: Dr. O. M. Rott, 421 Riverside Ave., Spokane, Wash. 
Place: Paulsen Medical and Dental Library. Time: 8 p. m., fourth Tuesday of 
each month except June, July and August. 


Syracuse Eye, Ear, NosE AND THROAT SOCIETY 
President: Dr. James F. Cahill, 428 S. Salina St., Syracuse, N. Y. 
Secretary-Treasurer: Dr. I. Herbert Katz, 713 E. Genesee St., Syracuse, N. Y. 


Place: University Club. Time: First Tuesday of each month except June, July 
and August. 


Toronto ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Chairman: Dr. A. Lloyd Morgan, 170 St. George St., Toronto, Canada. 
Secretary: Dr. W. R. F. Luke, 170 St. George St., Toronto, Canada. 

Place: Academy of Medicine, 13 Queen’s Pk. Time: First Monday of each 
month, November to April. 


Wasuincton, D. C., OPHTHALMOLOGICAL SOCIETY 
President: Dr. G. Victor Simpson, 1710 Rhode Island Ave., N. W., Washington, 
a €. 
Secretary-Treasurer: Dr. Frank D. Costenbader, 1726 I St., Washington, D. C. 
Place: Episcopal Eye, Ear and Throat Hospital. Time: 8 p. m.,, first Monday 
in November, January, March and May. 





